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INTRODUCTION
There is concern among fisheries agencies, scientists, anduser groups over
the status of salmon, steelhead, and sea-run cutthroat trout (Oncorhynchus spp.)
stocks in Oregon and the Pacific Northwest. One hundred twenty yearsago the
Columbia River Basin produced 16 million wild salmon and steelhead annually.
Today, the basin produces 2 million salmon and steelhead, approximately 80% from
hatcheries. Nehlsen et al. (1991) estimate that at least 106 populations of Pacific
salmon, steelhead, and sea-run cutthroat trout have been extirpated. They identify an
additional 214 stocks that are at risk of extinction or are of special concern.
Protection of declining runs has been sought through the Endangered Species
Act (ESA). Two salmon stocks, the Sacramento River winter chinook and the Snake
River sockeye, are listed as threatened and endangered, respectively.Petitions have
been submitted to list Snake River spring, summer and fall chinook salmon, and
lower Columbia River coho salmon. The National Marine Fisheries Service (NMFS)
has grouped the spring and summer chinook runs together as a single "species" under
the ESA. Final decisions on Snake River chinook are still pending. NMFS has
rejected the petition for listing lower Columbia River coho, concluding it does not
constitute a "species" (Williams et al. 1992).2
The decline of runs of anadromous salmonids along the Pacific coast can be
attributed to environmental change and poor management, including overfishing and
faulty hatchery practices. Dams block access to and from spawning grounds
Impoundments alter water flows and temperatures that affect migration patterns and
early development of anadromous salmonids. Migrating smolts are vulnerable to
predation in reservoirs and mortality associated with hydroelectric turbines and
diversions on their journey to the sea. Land use practices including timber
harvesting, grazing, and agriculture have degraded water quality and instream
spawning and rearing habitat.
Overharvesting contributes to the decline of wild anadromous salmonid
stocks.Increasing hatchery releases has led to an increase in fishing effort that has
resulted in severe overharvest of many wild stocks (Lichatowich and McIntyre 1987,
Hilborn 1992). Additionally, interbreeding of hatchery fish with wild fish poses
risks to conserving the genetic resources of wild populations (Larkin 1981, Hindar et
al. 1991, Hilbom 1992). Returns of both hatchery and wild fish have been variable
from year to year and, in general, lower than has been considered desirable by
fishermen and fishery managers. In some cases catch quotas and season lengths have
been reduced or catch-and-release regulations implemented to protect wild fish.
There is growing evidence that harvesting and other human activities not only
may affect numerical properties of stocks, such as run size and harvestable surplus,
but also may fundamentally alter their adaptive capacities and long term persistence
(Murphy 1968, Schaeffer and Elson 1975, Warren and Liss 1980, Ricker 1981,3
Pitcher and Hart 1982, Kapuscinski 1985). Ricker (1981) has documented life history
changes in Canadian salmon stocks toward smaller, slower-growing, earlier maturing
fish. He argues that these changes may be an evolutionary result of selectively
harvesting faster growing and later maturing life history types. Schaefer and Elson
(1975) present evidence that net fisheries for Atlantic salmon selectively removed
from the stock those life history types that were best adapted to their environment.
Larkin (1977) argues that increased harvesting effort can result in loss of local
population diversity through elimination of populations that may be highly vulnerable
to harvest. Spangler et al. (1977) suggest that human activities including harvest
have been responsible for the loss of local populations of percids. They raise
concerns about the implications of this loss to percid persistence in the Great Lakes.
Concerns of a similar nature have been expressed by Loftus (1976) and Thorpe and
Mitchell (1981).
Possible solutions to the complex problems of declining Pacific salmon,
steelhead, and sea-run cutthroat trout runs are matters of considerable debate in
political, social, scientific, and management circles. A common desire, however, is
to insure the long-term stability and persistence of stocks wherever possible. The
term stock refers to a group of individuals that reproduce in a particular habitat at a
particular time (Ricker 1972). As early as 1939, Rich recommended management,
conservation, and rehabilitation of salmon at the stock level.Greater understanding
of how stocks and species of anadromous salmonids adapt to their habitat and fishery
management environments would provide a rationale for management of salmon,4
steelhead, and sea-run cutthroat trout.It would also suggest ways to mitigate the
effects of harvesting and water and land use practices on depressed stocks.
The goal of this thesis is to articulate and demonstrate an approach to
understanding and managing anadromous salmon, steelhead, and sea-run cutthroat
trout based on life history and evolutionary adaptive capacities of species and stocks.
Objectives are to:
1.Explain the relationships between habitat and the organization of species, stocks,
and life history patterns of Pacific salmon, steelhead, and sea-run cutthroat trout.
2.Relate changes in the habitat and fishery management environment of Pacific
salmon, steelhead, and sea-run cutthroat trout to changes in their abundance,
yield, and persistence.
3.Explain the influence of human activities on the organization and adaptive
capacities of Pacific salmon, steelhead, and sea-run cutthroat trout.
4.Apply life history and adaptive capacity theory to a specific fishery problem
involving anadromous salmonids and demonstrate its possible solutions.5
CONCEPTUAL MODELS
Standard science in the twentieth century has reduced much ofour concept of
the biological world to a mechanistic system, described with mathematical models
(Botkin 1990). Equations from physics and engineering are used to describe
biological processes. In approaching fisheries problems, standard fisheries science
and management view anadromous salmonid species and stocks mechanistically.
Interest is focused primarily on numerical properties or performances suchas number
of returning adults, harvest or yield, and total smolt production. Management
objectives pertain primarily to maximization of these properties. Human influences
such as harvesting and habitat degradation are viewed as altering little more than the
numerical properties of species and stocks.
In an organismic perspective, species are viewed as systems that are
continuously adapting to changing environmental conditions (Warren et al. 1979).
They have the potential capacity to adapt in different ways in different environments
(Figure la) through both life history and evolutionary adaptation. Numerical
properties of species, such as run size, are superficial performances that are
fundamentally determined by the adaptive capacity and the environment of the
species.Scientific emphasis is placed upon understanding adaptive capacities and
management emphasis on capacity protection, not simply on maximization of their
numerical properties or performances.6
Figure 1.Potential capacities and developmental states of species, populationsor
stocks, and individual life history types in different environments. The potential
capacity of a system is all possible performances in all possible developmentalor
evolutionary environments. The realized capacity ofa system is all possible
performances in a particular developmental or evolutionary environment.At each
developmental state (i.e. la, lb, lc), the species, population,or individual has a state
specific realized capacity and organization determined by its potential capacityand
developmental environment. At each developmental state, the species, population,or
individual exhibits state specific performances (P), suchas harvestable surplus or
yield, stock abundance, or growth rate, respectively.
a.Species evolve along different trajectories in different environments.
b.Stocks or local populations evolve in concordance with their environments.
c. The life history adaptive capacity of the individual organism allows for the
development of different life history patterns in different environments.7
Figure 1 (continued)
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The adaptive capacity of a species is entailed in its organization, which
involves the incorporation of interrelated stocks and local populations. The adaptive
capacity of the species resides in the incorporation, organization, and diversity of its
stocks. Each incorporated stock has an adaptive capacity to evolve in concordance
with its environment (Figure lb). Thus the species can be conceptualized asa
system of continuously evolving stocks.
Likewise, a stock can be seen as a system of continuously adapting life
history types. Each life history type has a genetically determined adaptive capacity
to exhibit different life history patterns in different environments (Figure 1c).
Through such developmental plasticity, a life history type is able to survive and
reproduce under changing environmental conditions (Warren and Liss 1980, Stearns
and Crandall 1981).
Similarly, a genus, such as Oncorhynchus, can be viewed as a system of
continuously evolving salmon, steelhead, and sea-run cutthroat trout species, albeit
over broader temporal and spacial scales than for species, stocks, and life history
types. Each species has an adaptive capacity to evolve in concordance with its
environment. The adaptive capacity of the genus Oncorhynchus resides in the way it
incorporates the adaptive capacities of its species into its organization. In a sense,
the adaptive capacity of a genus involves its capacity to maintain its species in their
habitats through evolutionary and life history adaptation.
Habitat organization forms a template for genus, species, stock, and life
history organization (Southwood 1977, Wevers and Warren 1986). Habitats that are9
suitable can be successfully colonized by life history types thatare adapted to them.
For as long as the habitat remains suitable, the life history typemay persist there,
only to disappear when the habitat again becomes unfavorable. Thus the kindsof life
history types composing a stock and the abundance of types varies through time
according to fluctuations in conditions in their habitats. Appearance of life histories
in stocks is mainly a function of life history evolutionary time and suitable habitat,
exploitation, and management conditions. Life history typesappear and may
disappear and reappear. This kind of change in life history compositionoccurs
during stock evolution. Similarly, as habitat and environmental conditions of stocks
and species vary in time and space, the abundance of the species andgenus,
respectively, also vary.
To make this more visualizable, Figure 2 shows a mosaic of 16 locations in
life history space at four periods in life history time. Some locations do not have the
potential for becoming suitable habitats over the period shown. For each location
that has the potential for becoming a suitable habitat or has become suitable, there is
at least potentially a life history type adapted to it.The set of life history habitats
can be thought of as the habitat of the stock. And the set of potential and realized
life history types is theoretically the adaptive capacity of the stock. Thus for the
stock to persist, it must maintain a diversity of life history types adapted to the
diversity of available habitats.Habitats that have become suitable can be successfully
colonized by life history types that are adapted to them. For as long as the habitat
remains suitable the life history type persists there, only to disappear when the10
Figure 2.Patterns of habitat availability in species, population, or life history time
and space (after Warren, unpublished manuscript).Figure 2 (continued)
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habitat again becomes unfavorable (e.g. location 11).
To extend the argument to the species level, we can imagine that the axes of
the graphs in Figure 2 represent stock space at four points in stock evolutionary time.
The locations then become potential or realized stock habitats, the entire set of stock
habitats forming the habitat of the species. The set of potential or realized stocks
adapted to these habitats determines the adaptive capacity of the species. The
persistence, distribution, and abundance of the species depends upon its potential to
maintain a diversity of stocks adapted to the diversity of stock habitats. A stock will
vary in abundance through time as the habitat changes.It may disappear if the
habitat becomes unfavorable. Later, through re-colonization, a new stock may
reappear in the habitat. Over long periods the disappearance and reappearance of
stocks may not be uncommon.
The kinds of life history types composing the stock and their abundances vary
through time in accordance with fluctuations in conditions in their habitats (Figure
3).Life history types appear and may disappear and reappear again. This kind of
change in life history composition is stock evolution, and thus species (and genus)
evolution.
Figure 4 illustrates changes in all four levels of biological organization
through time. The realized adaptive capacities of individual life history types,
populations, species, and the genus are shown with respect to two environmental
condition sets, X and Y. In reality, each biological system must adapt to a diverse
array of environmental conditions, not simply two sets.Individual life history types13
Figure 3.Variation of life history types and their abundances through time and
space (after Warren, unpublished manuscript).Figure 3 (continued)
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Figure 4.Individual, population, species, and genus realized adaptive capacity
through time (after Warren, unpublished manuscript).Figure 4 (continued)
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(dots) have different adaptive capacities for environmental conditions that change
through time. The adaptive capacity of populations (dotted-line circles) includes the
life history adaptive capacities of its individuals as well as the evolutionary adaptive
capacity for change. Species (solid line circles) as well as populations may become
critical or marginal when their populations or life history types are at low abundance
due to low adaptive capacity. The adaptive capacity of the genus (the entire phase
space) is high if it contains several species adapted to the two environmental
condition sets.
Frequently in fishery biology, adaptive capacity is equated with genetic
diversity (Kapuscinski and Philipp 1988) and measured electrophoretically (Utter
1981). Genetic diversity is unquestionably important in determining evolutionary
potential. However determining the range and variation in genetic diversity within
and between stocks may not be practical for fisheries managers (Rutledge and
McCarty 1989). Tissue samples from sufficient numbers of fish may be difficult to
obtain or require undesirable sacrifice to perform an electrophoretic analysis.
Additionally, the absence of protein variation among populations as determined by
electrophoresis does not necessarily indicate the absence of genetic diversity (Utter
1981).
More importantly, there is no rationale for inferring adaptive capacity from
electrophoretic data or gene frequencies. Between genotype and phenotype is a long
and complex process of gene action and development, as influenced by the
developmental environment (Mayr 1963, Grant 1977). Natural selection acts directly18
on the phenotype, or product of genes and their developmental environment, and
only indirectly on genes (Waddington 1957, Lewontin 1970, Grant 1977). And,
there is little evidence linking protein differences between stocks with phenotypic
performance characteristics (Rutledge and McCarty 1989). Thus, observed
electrophoretic traits are not easily correlated with the environmental variables that
have shaped the different life histories and stocks.
Additionally, the gene pool of a stock or population is not merely a random
assortment of genes, as standard Mendelian genetics presumes. Genes are co-adapted
in that one gene has an influence on others (Waddington 1957). Therefore, the
fitness of an isolated gene at a single locus is not relevant to real problems of
evolutionary genetics (Lewontin 1974). A set of genes, or "genetic system"
(Waddington 1957), has organization. Likewise, the genetic diversity of a species is
organized into stocks and life history types that are observable expressions of
adaptive capacity. And Pacific salmon, steelhead, and cutthroat trout exhibit a wide
range of such life history traits or behaviors.
Life history traits are meaningful indicators of adaptiveness because they can
be correlated with environmental variables on a spacial-temporal basis. For example,
we can match older and larger chinook in a stream with coarse spawning substrates
and high current velocities, or match migrational timing with favorable flows and
water temperatures. Such traits could be measured without killing the fish, taking
samples, and waiting for results of laboratory tests. The diversity of life history
traits in a stock reflect environmentally relevant genetic diversity. Consequently, life19
history diversity of a stock is a long-term resource to be managed conservatively and
cautiously.
In the perspective presented above, stock and life history diversityare aspects
of organization and indices of adaptive capacities. Other perspectivesare consistent
with this view (e.g. Levin 1968; den Boer 1968, 1981; Schaeffer 1974; Stearns
1976; MacLean and Evans 1981; Andrewartha and Birch 1984). For example, the
theory of spreading of risk (den Boer 1968, Andrewartha and Birch 1984) asserts that
maintenance of a diversity of stocks tends to buffer the influences of environmental
change and stabilize numerical properties, such as abundance, of the species.Stated
in a more positive way, spreading of risk is a means by which species and stocks can
take advantage of other opportunities, or habitats, as they develop. In a mosaic of
stock habitats at any given time (Figure 2), conditions may be relatively favorable in
some habitats and the stocks occupying those habitats may increase in abundance,
while in other habitats conditions may be relatively less favorable and stocks may
decline (Figure 3). When there is a diversity of stocks occupying a diversity of
habitats, stocks increasing in abundance tend to offset or balance decreasing stocks.
This leads to relative stability of species abundance in a region. The implication is
not that species establish steady-states, but rather that abundance, yield, and other
numerical performances of the species are less variable than the numerical properties
of each particular stock. The theory also implies that reduction in stock diversity can
lead to greater variation in numerical properties of a species and increased
probability of local extinction. Thus maintenance of stock diversity favors species20
persistence. In a similar way the persistence and numerical dynamics of the stock
can be related to the persistence, diversity, and dynamics of the life history types
composing it.
Harvesting, habitat alteration resulting from land use practices, and other
human activities can alter the organization and adaptive capacities of species and
stocks, and thus alter their long term persistence. Reduction in stock and life history
diversity resulting from human activities can lead to increased variation in abundance
and yield of species and stocks, thereby affecting even short-term dynamicsThe
implication is that protection of adaptive capacity has a positive influence on
numerical dynamics of Pacific salmon, steelhead, and sea-run cutthroat trout.21
METHODS
A genus, such as Oncorhynchus, can be describedas being organized
hierarchically. Species and stock are levels of biological organizationthat are widely
recognized for Oncorhynchus (see Simon and Larkin 1972 for discussions ofthe
stock concept). In addition, local populations can be found withina specific stock.
Life history types, sets of individuals exhibiting particular ensembles oflife history
traits, are found within a local population (Table 1).
Table 1. Levels of biological organization.
Biological level
of organization Definition
Genus A system of biological species
Species A system of stocks
Stock A system of local populations
Local population A system of life history types
Life history type An ensemble of life history traits
The genus Oncorhynchus was defined hierarchically with its species, stocks,
local populations, and life history types corresponding to habitat organizationon
level-specific space and time scales (Table 2). Over evolutionary time thegenus
Oncorhynchus and its eight species have adapted to fresh and salt water habitats in
the North Pacific Basin. Stocks of salmon, steelhead, and sea-run cutthroat trout
have adapted to major river systems. Local populations have adapted to rivers and22
Table 2. Hierarchical organization of Pacific salmon, steelhead, and sea-run
cutthroat trout(Oncorhynchus)and level-specific time and space scales.
Biological Time scale of
level of persistence
organization (years) Level-specific habitat
Genus 10" North Pacific Basin
Oncorhynchus
Species, e.g. 103-10" Major portions of the
0. tshawytscha, North Pacific Basin, e.g.
chinook salmon the Columbia River Basin
Stock, e.g. 10" Major river systems, e.g.
Willamette River the Willamette River
spring chinook subbasin in the
Columbia River Basin
Local population,
e.g. McKenzie
River spring
chinook
Life history type,
e.g. early-returning
Willamette spring
chinook
101-10"
10'40"
Local rivers and streams,
e.g. the McKenzie River
in the Willamette River
subbasin
Stream reaches, e.g.
portions of the upper
McKenzie River or its
tributaries
'It is estimated thatOncorhynchusbecame geographically isolated from Salmo
500,000-1,000,000 years ago (Neave 1958).
bMost of the differentiation and speciation ofOncorhynchus isbelieved to have
occurred over the last 600,000-1,000,000 years (Neave 1958).
CBased on the emergence of new phenotypes, and the establishment of new
populations from salmon transplants or occupation of habitats accessible by
fishways or receding glaciers (Kwain and Chappel 1978, Kwain and Thomas
1984, Royce 1988).
streams within major river systems. And life history types have adapted to particular
stream reaches or portions of rivers and streams.
The adaptive capacity of Oncorhynchus relative to its habitat and management
environment was examined at the species, stock, and local population levels.
Adaptive capacities cannot be examined directly.This is because the adaptive23
capacity of any one biological system would need to be expressed in everyone of the
environments to which that biological system could adapt. Examined over a broad
enough range of environmental conditions, the performances of a biological system
are indicative of its realized capacity. Life history characteristics are such
performances. By examining a range of life history characteristics of a biological
system and relating it to habitat and management environment variables, I hope to
illuminate some important aspects of life history adaptation of Oncorhynchus, its
species, stocks, local populations, and life history types.
Analysis of life history information requires looking at several life history
characteristics of a biological system measured across a range of individuals, and at
relationships among the characteristics. A multivariate technique was used to
examine numerous life history characteristics simultaneously. Multivariate analysis
makes it possible to effectively summarize and visualize large volumes of seemingly
complex information (Gauch 1982). Multivariate analysis makes it possible to treat
life history data sets as a whole and reveal aspects of their structure (Gauch 1982).
A widely-used multivariate technique is ordination. Ordination attempts to
represent certain relationships between samples and their attributes as faithfully as
possible in a low-dimensional space (Gauch 1982). The input for ordination is a data
matrix. The output is usually a two-dimensional graph in which similar samples are
near each other and dissimilar ones are far apart.24
In this thesis, life history information for each level of biological organization
was organized into a two-way matrix. Species, stocks, and local populations were
arranged in rows. Life history data were entered in columns.
Life history variables used in the ordination of species, stocks, and local
populations of Oncorhynchus are listed in Table 3.Variables were selected from
different developmental stages in the total life history of anadromous salmonids.
Selected variables are those that are addressed in the literature as important features
of anadromous salmonid life histories.Finally, variables were selected on the basis
of availability of data for the species representatives, stocks, or local populations
examined.
The ordination technique selected for this thesis is Detrended Correspondence
Analysis (DECORANA) (Hill 1979). With this ordination technique, the similarity
Table 3. Table of life history variables used in ordination of species, stocks, and
local populations.
Species Local
Variable representatives Stocks populations
Adult run time X X X
Age composition of run X X
Percent males in run X X X
Spawning time X X X
Fecundity X X X
Egg size X
Incubation time X
Emergence time X X X
Fresh water rearing time X
Time of out-migration X X X
Smolt size X X
Time at sea X
Age at maturity X X
Length at maturity X X
Weight at maturity X25
of species, stocks, or local populations (samples) in life historyspace can be
examined by determining orthogonal axes that maximize variance of samples in life
history space. DECORANA reduces the "arch" effect and the compression of
samples near the ends of the first axis which occur with other ordination techniques,
such as reciprocal averaging (Gauch 1982). The location of samples basedon life
history data along the first two DECORANA axes was examined. Gauch (1982)
showed that most of the meaningful variability is accounted for by the first few
ordination axes. Prevalent species, stock, and local population life history patterns
or "ensembles" (sensu Stearns 1976) were identified.
Environmental or historical data are often related to ordination patterns to
offer explanations of the structure of the data or to generate hypotheses. In
community ecology, species and community patterns resulting from multivariate
analysis are often interpreted in terms of environmental gradients (Gauch 1982). In a
similar fashion, environmental data may be related to life history patterns and be
helpful in their interpretation.
Each two-dimensional pattern of species, stocks, or local populations was
over-laid with linear gradients of habitat or management environment parameters,
representative of the appropriate hierarchical level of organization, to "explain" the
life history patterns (Whittaker 1975). Whittaker often used complex gradients,
which represent a variety of environmental factors which change together over space,
to explain patterns of species distribution. An example of a complex gradient is26
elevation, which can be used to represent temperature, growingseason, rainfall, and
wind speed, which change together along the elevation gradient (Whittaker 1975).
Fishery management practices were then examined in terms of their impacts
on the organization and adaptive capacity of species, stocks, and local populations of
Oncorhynchus. Rates of change of level-specific habitat and fishery management
environments were correlated to the degree of realization of the adaptive capacity of
the biological system.
First, the organization and adaptive capacity of the genus Oncorhynchuswere
examined on a broad scale.Life history information for the species 0. nerka
(sockeye salmon), 0. gorbuscha (pink salmon), 0. keta (chum salmon), 0.
tshawytscha (chinook salmon), 0. kisutch (coho salmon), 0. masou (masu salmon),
0. mykiss (steelhead trout), and 0. clarki (sea-run cutthroat trout)was gathered from
the following sources: Emmett et al. 1991, Groot and Margolis 1991 for salmon;
Hanamura 1966, Ricker 1966, and Pau ley et al. 1989 for sockeye salmon; Ishida
1966, Neave 1966, and Bonar et al. 1989 for pink salmon; Sano 1966, Neave 1966,
and Pau ley et al. 1988 for chum salmon; Clark 1929, Hal lock et al. 1957, Fry 1961,
Mason 1965, Vronskiy 1972, Beauchamp et al. 1983, and Healey and Heard 1984
for chinook salmon; Shapovalov and Taft 1954, Godfrey 1965, and Laufle et al.
1986 for coho salmon; Tanaka 1965 for masu salmon; Shapovalov and Taft 1954,
Chapman 1958, With ler 1966, Bulk ley 1967, Barnhart 1986, and Burgner et al. 1992
for steelhead trout; and Giger 1968, Jones 1976, Fuss 1978, and Pau ley et al. 1989
for cutthroat trout.27
Data used in the ordination of species and their life history traitsare shown in
Appendix Table A-1. Data from two or three representative stocks were used for
each of the eight species of Oncorhynchus. Species representativeswere selected on
the basis of two criteria.First, within the geographic range of the species,
representative stocks were selected from locations as distant from each other as
possible. This was done in order to obtain the broadest possible range of life history
traits within the species.Secondly, sufficient life history information had to be
available for the representative stock. In general, little is known about the ocean life
histories of stocks and species of Oncorhynchus. For this reason, most of the life
history data pertains to fresh water life stages.
The geographic location of each species representative and its fresh water
migration distance are noted in Table A-1. However, this information was not used
in the ordination analysis. The following information was used in the ordination as
variables. Adult run time, spawning time, and juvenile emergence time, and out-
migration time usually occur over a period of a few to several months. The data
matrix shows the approximate percent of the total time spent in each of the activities
for each half-month period of time. Where no information was available for the
percent males in the run, a 1:1 sex ratio was assumed. Where no information was
available for fecundity, estimates were made based on fecundity-length relationships
from similar stocks. The average number of days from spawning to emergence of
fry is shown in Table A-1 as incubation time. The number of months spent in fresh
water from the time of emergence to out-migration is shown as fresh water rearing28
time. Average smolt size in centimeters was also used as a variable. Total months
spent at sea and total age in months at maturity are variables that were estimated
from spawning time, time of out-migration, and adult run time data. Where specific
data were not available for length and weight at maturity, estimates were made from
length-weight relationships of similar stocks.
Fishery management practices in the North Pacific Basin were examined in a
broad way to detect ways in which they influence the adaptive capacity and
performances of each species, such as persistence and yield. Information on fishery
management and harvest was obtained from Ricker (1981), Shepard and Stevenson
(1956), Shepard et al. (1985) Harris (1988), and Burgner et al. (1992).
Secondly, the organization and adaptive capacity of chinook salmon in the
Columbia River Basin were addressed. The Columbia River Basin was chosen for
this exercise because of the contribution it has made, both historically and recently,
to the total production of chinook salmon in the North Pacific Basin. The Columbia
Basin is near the center of the chinook's range on the North American coast. Also,
the Columbia Basin chinook salmon present a unique set of management problems.
Some runs are now extinct, and others are declining due to loss of habitat, passage
problems at dams, modification of water flows and temperatures due to dams, and
the large influence of hatchery programs.
Howell et al. (1985) identify 25 different wild stocks of chinook salmon in the
Columbia Basin. The organization and adaptive capacity of five spring chinook, two
summer (or spring/summer) chinook, and three fall chinook stocks were chosen for29
this analysis. The proportions of each of the three types of wild stocks analyzedare
roughly similar to proportions found in the Columbia Basin. Of the 25 wild stocks
of chinook salmon in the Columbia Basin, 56% are spring stocks, 16% summer
stocks, and 28% fall stocks. Hatchery stocks are not included in this ordination
analysis because of their decreased susceptibility to natural selection by habitat and
environmental factors.Life history information for Willamette River, Deschutes
River, Yakima River, Grande Ronde River, and Middle Fork Salmon River spring
chinook, upper Columbia River and South Fork Salmon River summer chinook, and
lower Columbia River, Deschutes River, and upriver bright fall chinook was
obtained from the following sources: Groot and Margolis 1991, Howell et al.
(1985), and Mattson (1948).
Data used in the ordination of Columbia Basin chinook salmon stocks and
their life history traits can be found in Appendix Table A-2. Fresh water migration
distance of each chinook salmon stock is shown in Table A-2, but was not used in
the ordination analysis as a variable. All other data in Table A-2 were used as
variables. Again, the approximate percent of the total time spent by each stock for
each half-month is shown for adult run time, spawning time, emergence time, and
out-migration time. Where no information was available for the percent males in the
run, a 1:1 sex ratio was assumed. Estimates were made for fecundity from
fecundity-length relationships from similar stocks when no information was available.
An average value from similar stocks was used when no information was available
for smolt size. Age at maturity of returning adults is expressed as the percent of the30
total run in each age class. Length at maturity is the final variable used inthe
ordination analysis.
Information on fishery management practices affecting Columbia Basin
chinook was obtained from publications from the Washington Departmentof
Fisheries and the Oregon Department of Fish and Wildlife.
Finally, the organization and adaptive capacity ofa particular stock of
Columbia chinook salmon, Willamette spring chinook,were examined. Willamette
spring chinook form an important component of the spring chinookrun in the
Columbia River Basin. Willamette spring chinook is listedas a stock of concern by
the Oregon Department of Fish and Wildlife, because ofa severe reduction in its
natural habitat and the large spring chinook hatchery program (unpublished
information, ODFW 1990).
Local populations of Willamette spring chinook were examinedto determine
how they have adapted to habitat and environmental conditions in the Willamette
subbasin. The Department of Fish and Wildlife recognizes four wild populations of
Willamette spring chinook. They are the Clackamas River, North Santiam River,
South Santiam River, and McKenzie River populations. Life history information for
these local populations of Willamette spring chinook was obtained from Mattson
(1948, 1962, and 1963), Smith and Zakel 1981, Smith (unpublished data), Bennett
1991, Oregon Department of Fish and Wildlife Subbasin Fish Management Plans
(1988 and 1992) and from Oregon Department of Fish and Wildlife unpublished data
and reports.31
In addition to information from these four populations, historical information
from wild Willamette spring chinook and from Willamette Hatchery-produced spring
chinook was used in the analysis. This made it possible to compare present wild
populations with historical wild populations and a present hatchery population.
Willamette Hatchery was chosen because it is the largest producer of hatchery spring
chinook in the Willamette subbasin (ODFW, unpublished data) and life history
information is available.
Data used in the ordination of Willamette spring chinook local populations
and their life history traits are in Appendix Table A-3. The fresh water migration
distance of each local population is shown in Table A-3. This information was not
used as an ordination variable. Variables used include the approximate time spent by
each local population for each half-month in the following activities:adult migration
(run time), spawning, emergence, and smolt migration (out-migration). The percent
of each adult run in each age class was also used as a variable. Where information
was not available, average values from other populations were used. The percent
males in the spawning run and fecundity were also variables used in the ordination
analysis.
Fishery management and harvest information was obtained from Oregon
Department of Fish and Wildlife reports.32
RESULTS AND INTERPRETATION
Oncorhynchus in the North Pacific Basin
Distribution
Pacific salmon and steelhead have been transplanted toa variety of locations
both within and outside of their natural range (With ler 1982). For example, self-
perpetuating runs of sockeye salmon have been established in New Zealand and in
Washington and Alaska where none previously existed. Pink salmon have been
successfully introduced into the Great Lakes (Bonar et al. 1989). Chinook salmon
have been established in New Zealand, Chile, and in the Great Lakes. Coho salmon
have been introduced into the Great Lakes and into lakes and reservoirs in Alaska,
Washington, Oregon, California, and Montana (Laufle et al. 1986). Oregon stocks
of steelhead trout have been introduced into Chile and the Great Lakes (ODFW
1986). A discussion of the natural distribution of Pacific salmon, steelhead, andsea-
run cutthroat trout in the North Pacific Basin follows.
Sockeye salmon are found along the North American Pacific coast from the
Sacramento River in California north to Point Hope, Alaska (Figure 5) (McPhail and
Lindsey 1970, Simpson and Wallace 1982, Groot and Margolis 1991). Important
spawning populations occur from the Columbia River to Alaska (Emmett et al.
1991).Historically, sockeye salmon ascended the Columbia River into the upper
reaches of the Snake River (Simpson and Wallace 1982). Today, only a vestigial33
Figure 5.Distribution of sockeye salmon in the North Pacific Basin.Sacramento R.
Son
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population of sockeye returns to spawn in the major tributary of Redfish Lake inthe
headwaters of the Salmon River in central Idaho. Sockeye salmon migrate about 650
miles from the ocean up the Fraser River system of British Columbia. In
Northwestern Canada and Alaska sockeye are most abundant in the Bristol Bay
region and become increasingly rare to the north (McPhail and Lindsey 1970). They
do not ascend any of the large rivers, such as the Yukon and Kuskokwim,to their
headwaters. In Asia, sockeye salmon are found from the southern Kuril Islandsto
the Anadyr River in Russia (Emmett et al. 1991). Their oceanic distributionranges
from the eastern Bering Sea south to latitude 45°N, sometimes reachingas far south
as Los Angeles, California (Emmett et al. 1991).
Pink salmon are found north of 40° N latitude in oceanic and coastalareas of
the North Pacific Ocean, in the Bering Sea, and along the southern coastline of the
Arctic Ocean (Figure 6) (McPhail and Lindsey 1970, Wydoski and Whitney 1979,
Emmett et al. 1991, Groot and Margolis 1991). Occasional runs occur as far south
in North America as the Russian River and possibly the Sacramento River in
California. Only very limited spawning runs occur along the Oregon and
Washington coasts. Regular spawning runs occur from the Puyallup River,
Washington, north to Norton Sound, Alaska. In northwestern Canada and Alaska
they ascend large rivers only short distances. They are found in Asia from northern
Korea and northern Japan to the Bering Strait and west to the Yana and Lena rivers
in Siberia (McPhail and Lindsey 1970). Large spawning populations are found from
the Amur River north to the Anadyr River in Russia (Groot and Margolis 1991).36
Figure 6.Distribution of pink salmon in the North Pacific Basin.N
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Chum salmon have the widest distribution of the species of Oncorhynchus in
the North Pacific Basin. Chum salmon ascend rivers along the North American
Pacific coast from the San Lorenzo River in California north to the Bering Strait, and
east to the MacKenzie River (Figure 7) (McPhail and Lindsey 1970, Wydoski and
Whitney 1979, Groot and Margolis 1991). In the ocean, theycan be found as far
south as San Diego, California.Significant runs occur from Tillamook Bay, Oregon,
northward (Groot and Margolis 1991). In Washington they are found in the
Columbia River up to the Wind River and in coastal and Puget Sound streams. In
northwestern Canada and Alaska, chum ascend the Yukon and Kuskokwim rivers
almost to their headwaters, and ascend the Mackenzie River to the rapids below Fort
Smith on Slave River, and to Great Bear Lake (McPhail and Lindsey 1970). Chum
salmon are found in Asia from southern Korea and Japan north along the Asian
coast to the Arctic Ocean, and west along the arctic coast to the Lena River in
Siberia (McPhail and Lindsey 1970, Emmett et al. 1991). In Asia, most spawning
occurs in the lower 100 km of coastal streams. However, some spawn 2,500 km
from the sea in both the Amur River in Asia and the Yukon River in Alaska and
Canada. This species' oceanic distribution ranges from the Bering Sea to about 40°
N latitude in the western Pacific Ocean and about 44° N in the eastern Pacific Ocean.
Chinook salmon are found in most coastal streams and rivers along the Pacific
coast of North America from San Francisco Bay in California to Point Hope, Alaska
(Figure 8) (McPhail and Lindsey 1970, Wydoski and Whitney 1979, McGinnis 1984,
Groot and Margolis 1991). Unconfirmed reports of this species have come from as39
Figure 7.Distribution of chum salmon in the North Pacific Basin.O41
Figure 8.Distribution of chinook salmon in the North Pacific Basin.4
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far south as the Ventura River in southern California andas far north as the
Mackenzie River delta and Coppermine River in Arctic Canada (McPhailand
Lindsey 1970, Emmett et al. 1991, Groot and Margolis 1991). Chinooksalmon can
migrate great distances up large river systems. Prior to construction of damson the
Columbia and Snake rivers, chinook salmon entered major tributaries of theSnake
River upstream to Shoshone Falls (Simpson and Wallace 1982). Chinookascend the
Kuskokwim and Yukon rivers in Alaska to their headwaters. Chinookare also found
in Asia, from northern Japan north to the Anadyr River in Russia (McPhailand
Lindsey 1970). Chinook salmon are as abundant in major rivers in the northernand
southern limits of their range as in major rivers in the middle of theirrange (Groot
and Margolis 1991).
Coho salmon occur along the Pacific coast of North America from Monterey
Bay, California, northward to Point Hope, Alaska (Figure 9) (Wydoski and Whitney
1979, McGinnis 1984, Emmett et al. 1991, Groot and Margolis 1991). Coho salmon
are most abundant between southern Oregon and southeast Alaska (Laufle et al.
1986). In the ocean, coho salmon are taken in the sea as far south as northern Baja
California (McPhail and Lindsey 1970) and as far north as the Bering Sea (Emmett et
al. 1991). Spawning adults are found in most coastal streams of Oregon and
Washington, in the upper and lower Columbia River drainage, and in the Puget
Sound drainage. In northwestern Canada and Alaska, coho are abundant in the
Bristol Bay region and north to the lower Yukon River, but are apparentlyrare north
of Norton Sound (McPhail and Lindsey 1970). Coho salmon ascend the Yukon44
Figure 9.Distribution of coho salmon in the North Pacific Basin.46
River almost to the Alaska-Yukon Territory border, but have never been recorded
from the Yukon Territory. In Asia, coho salmon are found from Korea and northern
Japan north to the Anadyr River in Russia (Emmett et al. 1991).
Masu salmon are found only in Asia where they are distributed farther south
than other species of Oncorhynchus (Figure 10) (Tanaka 1965, Groot and Margolis
1991). Their range is restricted, and centers around Japan. Masu salmon are known
to spawn in streams from southern Japan north to the estuary of the Amur River in
Russia. They have been found as far south as the East China Sea and along the west
coast of Korea. Masu salmon occur on the Kamchatka Peninsula, but are found only
in the southern range of the Kuril Islands (Groot and Margolia 1991).Little is
known about the distribution of masu salmon in the Pacific Ocean.It is believed that
they do not migrate great distances, but are more coastal in nature compared with
other species of Pacific salmon (Tanaka 1965).
Steelhead trout were originally found along the North American coast from
northwestern Mexico to the Kuskokwim River, Alaska (Figure 11) (McPhail and
Lindsey 1970, McGinnis 1984, Emmett et al. 1991). Human activities have
eliminated steelhead south of the Ventura River, California (Emmett et al. 1991). In
western Oregon and Washington steelhead are present in coastal streams, the lower
Columbia River, and in most drainages of Puget Sound. East of the Cascade
Mountains they are found in tributaries of the Columbia drainage and tributaries of
the Snake River such as the Grande Ronde River.Originally, steelhead were found47
Figure 10. Distribution of masu salmon in the North Pacific Basin.ARCTIC OCEAN
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Figure 11.Distribution of steelhead trout in the North Pacific Basin.I
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in the Snake River and its tributaries upstream to Shoshone Falls, Idaho (Simpson
and Wallace 1982). Dam construction has reduced theirrange to the portion of the
Snake River below Hell's Canyon Dam and the Salmon and Clearwater drainages in
Idaho (Wydoski and Whitney 1979). The ocean distribution of steelhead trout
originating from North America extends as far west as 150°E longitude (Burgneret
al. 1992). Steelhead occur from the Gulf of Alaska south to 44°N latitude in the
eastern Pacific and to 41°N in the western Pacific ocean. In Asia, steelhead troutare
unevenly distributed and are found primarily on the Kamchatka Peninsula (Burgneret
al. 1992). Scattered populations are found along the northern coast of the Sea of
Okhotsk. The ocean distribution of Asian steelhead trout is unknown.
Sea-run cutthroat trout are found in coastal streams and estuaries in North
America from the Eel River, California, north through Oregon, Washington, and
British Columbia to the Kenai Peninsula, Alaska (Figure 12) ( Wydoski and Whitney
1979, McGinnis 1984, Pau ley et al. 1989, Emmett et al. 1991). Cutthroat trout
rarely migrate more than 160 km inland from the sea (Pau ley et al. 1989).
Ordination of Life History Characteristics
The results of detrended correspondence analysis ordination of representative
stocks of Oncorhynchus species are shown in Figure 13. The arrangement of species
representatives is shown for the first two axes.Species representatives (samples) are
more widely separated along the first axis than the second. Eigenvalues for axis 152
Figure 12. Distribution of sea-run cutthroat trout in the North Pacific Basin.ARCTIC OCEAN
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Figure 13. Detrended correspondence analysis of North Pacific salmon, steelhead,
and cutthroat trout. The data and species representative names are given in Table A-
1. The dashed lines represent species, dotted lines environmental gradients.Figure 13 (continued)
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and axis 2 are 0.095 and 0.055, respectively. Life history data and species
representative names are given in Appendix Table A-1.
Dashed-line circles are placed around each set of species representatives. The
resulting "species clouds" represent the range of life history characteristics exhibited
by the species representatives in the two-dimensional life historyspace. Some
"species clouds" are composed of more tightly grouped species representatives,or
samples, than others. For example, the "species cloud" for pink salmon occupies
less life history space than the "species cloud" for sea-run cutthroat trout. This is
because some life history characteristics, such as age composition, are less diverse in
pink salmon than in sea-run cutthroat trout (see Appendix Table A-1).
Some "species clouds", such as those for pink salmon and sea-run cutthroat
trout, are relatively distinct and do not overlap with other species. Others overlap to
varying degrees. For example, the California stock of coho salmon is found within
the "species cloud" for steelhead trout.It shares life history characteristics that are
more similar to those of the three steelhead trout stocks than the other two coho
stocks (Bolshaya River, Kamchatka and Sashin Creek, Alaska stocks). The "species
clouds" for sockeye salmon and masu salmon occupy nearly the same life history
space, suggesting their species representatives have similar sets of life history traits.
Stearns (1976) defines a life history tactic as a set of co-adapted traits that have
evolved through natural selection as a response to particular ecological or
environmental problems. The sockeye and masu salmon stocks shown in Figure 1357
can be said to have similar life history tactics due to similar environmental conditions
they experience.
Examination of environmental conditions in the North Pacific Basin suggests
two parameters that may partially explain the ordination pattern of Oncorhynchus
species in Figure 13. The first environmental parameter, which runs parallel to the
first axis, is a gradient of fresh water migration distance. Relative to other species,
pink salmon generally travel the shortest distance through fresh water to reach
spawning grounds (see Appendix Table A-1 for approximate migration distance for
each species representative). Chinook salmon generally travel the greatest distance to
spawning grounds. The other species travel distances that fall somewhere in between
these two extremes.
Life history characteristics that have been interpreted as adaptations to fresh
water migration distance include adult body size, age at reproduction, and fecundity.
Schaffer and Elson (1975) argue that the maximum distance that salmon must travel
through fresh water can be equated with the energy the fish must expend to reach
spawning grounds. They postulate that long, harsh fresh water migration distances
will select for a longer period of feeding at sea, hence delayed reproduction and a
larger size at reproduction.Studies have shown a positive correlation between body
size and fecundity in salmon (Foerster and Pritchard 1941, Rounsefell 1957, Drucker
1972, Kato 1991), steelhead (Buckley 1967), and sea-run cutthroat trout (Scott and
Crossman 1973).58
The life history data used in this analysis support these ideas. The chinook
salmon stocks, which travel the greatest distance to spawning grounds,are the largest
fish, spend 1 to 4 years feeding at sea, and have the greatest fecundity (Appendix
Table A-1).Pink salmon, in contrast, among the smallest of the species, spend only
1 year feeding at sea, and have a relatively low fecundity.
A second environmental parameter, which runs parallel to the second axis, is
a north-to-south gradient of distribution in the North Pacific Basin (Figure 13).
There is a very loose correlation between the north-south distribution of species and
the percent of their life spent in salt water (see Appendix Table A-1 for time spent at
sea and age at maturity for each species representative). Fresh water habitats in
northern portions of the North Pacific Basin can be considered to be harsher
environments than fresh water habitats found to the south. Cold water temperatures,
scouring of stream channels from melting ice and snow, and short growing seasons
lead to low productivity in fresh water habitats. Species found in these more
northern environments (chum and chinook salmon, for example) are more "salmon-
like".That is they spend a greater percent of their life in salt water. Species found
primarily in more southern portions of the North Pacific Basin, where fresh water
habitats are milder and more productive, are more "trout-like". Examples are
cutthroat trout, and masu and coho salmon. These species spend less of their total
life-span in salt water.
Harvest practices may alter life history characteristics of species of
Oncorhynchus. Ricker (1981) found that the average size of chinook, coho, pink,59
chum, and sockeye salmon harvested in British Columbia has decreasedover time
and attributes these changes to harvest practices.
Prior to World War II, most salmon species harvested by gill-netswere sold
by piece (Ricker 1981). Beginning in 1945, all specieswere sold by weight, making
it advantageous to use nets that would harvest larger thanaverage specimens of each
species, thereby maximizing poundage and value. A result of this harvest incentive
has been a tendency for the mean weight of the target species taken by gill-netto be
larger than the average weight of the run as a whole.
Troll fisheries for coho and chinook are also selective for large size (RiCker
1981). Moreover, they are selective in an additional way in that troll fisheries take
place in the open ocean, where salmon are actively feeding and growing. Stocks that
mature late are exploited more heavily than those that mature earlier because theyare
exposed to the fishery for additional growth years.
Seines appear to be less selective than gill-nets and troll fisheries (Ricker
1981). Seine gear tends to catch salmon independently of their size.
Species of Oncorhynchus which have larger, older life history types that are
harvested during their growing season are most susceptible to having their age
composition and size altered by harvest practices (Ricker 1981). Of the eight species
of Oncorhynchus examined here, coho and chinook salmon are targeted species in
ocean fisheries during their growing season (Shepard et al. 1985, Harris 1988,
Burgner et al. 1992). Chinook salmon is one of the species in this analysis which
have the greatest freshwater migration distance to travel. A decrease in adult size60
and age at reproduction may result in a decrease in adaptive capacity of chinook
salmon in their environment.
An example of this is the decline of the upper Columbia Basin chinook
salmon stocks. Although passage problems and increased mortality of juvenile and
adult chinook due to dams has undoubtedly contributed to the decline of theseruns, it
is also likely that selective harvest of the older, larger chinook life history types in
ocean and gill net fisheries is an important factor.If older, larger life history
characteristics are critical to successful migration over great distances, then removal
of individuals having these characteristics would decrease the adaptive capacity of the
stocks returning to the upper Columbia Basin.
Chinook Salmon in the Columbia Basin
Distribution
Historically, chinook salmon migrated nearly 1,200 miles up the Columbia
River to Lake Windermere, Canada, and 600 miles up the Snake River to Shoshone
Falls near Twin Falls, Idaho. The construction of dams has greatly reduced the
areas accessible to anadromous salmonids in the basin, especially in the upper
watershed. Over 50% of the originally inhabited main stem of the Snake River is no
longer accessible to anadromous salmonids. In addition, the main stem Columbia
and Snake rivers are no longer free-flowing, but are now a series of lakes due to
impoundments. The dams present physical barriers to migrating adults and juveniles61
as well as altering water flows and increasing water temperatures. Impoundments
have also increased populations of fish species whichprey on juvenile salmonids. As
compensation for loss of wild salmonid production,many hatcheries were built
throughout the Columbia Basin.Artificial production now accounts for about 75% of
all anadromous salmonids returning to the basin (unpublished information, Northwest
Power Planning Council).
Presently, chinook salmon are found in the main stem and tributaries of the
Columbia River up to Grand Coulee Dam (Figure 14). Chinook salmon in the Snake
River no longer have access to the river and its tributaries above Hells Canyon Dam.
Spring chinook stocks are distributed throughout thisrange, and tend to migrate
greater distances into headwater areas than do other stocks.Fall chinook stocks are
found in the mainstem Columbia River and in lower reaches of its tributaries.
Summer chinook stocks, sometimes difficult to differentiate from spring stocks,are
produced entirely above Bonneville Dam in tributaries of the Snake River and those
of the Columbia above the mouth of the Snake.
Production areas for selected stocks of Columbia River chinook salmonare
shown in Figure 14. A short description of each stock follows.
Willamette spring chinook contributes heavily to the total spring chinook
production in the lower Columbia Basin (below Bonneville Dam). Historically,
maturing fish migrated to the upper reaches of major east-side tributaries of the
Willamette where they remained until spawning. Presently hatchery production is
intended to compensate for loss of natural production due to U.S. Army Corp dams62
Figure 14. Production areas of chinook salmon stocks in the Columbia River Basin
selected for life history analysis.O
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which block access to much of the original productionarea. Willamette spring
chinook contribute to ocean fisheries at a significantly higher rate than other
Columbia Basin spring chinook stocks (Columbia Basin Fish and Wildlife Authority
1991). They are also targeted by in-river fisheries in the lower Columbia and lower
Willamette rivers.
Only approximately 10 percent of the upriver stocks of spring chinookare
harvested in ocean fisheries (Columbia Basin Fish and Wildlife Authority 1991).
However these stocks must move upstream past Columbia River dams. While doing
so, many are injured or killed due to problems in finding fishway entrances and to
falling back through the spillways and turbines. Once they have arrived in their
subbasin of origin, adult fish are then subject to recreational and tribal fisheries.
Additionally, juvenile spring chinook experience severe losses in reservoirs and at
dams during their downstream migration.
Deschutes River spring chinook spawn in west-side tributariesup to Pelton
Dam. Loss of historical production areas above the dam is mitigated by hatchery
production.
Former spawning and rearing areas used by Yakima River spring chinookare
no longer accessible due to water storage projects and low flow conditions. There
are no hatcheries in the Yakima River subbasin.
The primary factor limiting production of spring chinook stocks in theupper
Columbia and Snake basins, including Grande Ronde River and Middle Fork Salmon
River spring chinook, is smolt-to-adult survival (Columbia Basin Fish and Wildlife65
Authority 1991). Historically, 39 percent of the ColumbiaBasin spring chinook
production came from the Salmon River subbasin (ColumbiaBasin Fish and Wildlife
Authority 1991). Run sizes of stocks have declineddrastically and steadily. In
addition, habitat degradation in both the Grande Ronde andMiddle Fork Salmon
river basins further limit production of stocks.
Summer chinook were historicallysome of the most abundant chinook stocks
in the Columbia Basin and supported large commercial fisheries(Columbia Basin
Fish and Wildlife Authority 1991). Steady declines insummer runs over the last
century led to a closure of summer chinook fisheries in 1964. Even withthe closure
of the fishery, returns of summer chinook stocks have remainedlow due to passage
problems at Columbia River dams and reservoirs and degraded habitatconditions in
subbasins. Historically, 45 percent of the totalsummer chinook production in the
Columbia Basin came from the Salmon River and its tributaries(Columbia Basin
Fish and Wildlife Authority 1991). The Rapid River springchinook stock and the
Imnaha River spring/summer stock are two of the remaining naturally-produced
stocks.
The lower Columbia River fall chinook stock consists of fish producedin the
Lewis, Cowlitz, and Sandy rivers, tributaries of the lower Columbia River.Natural
production of this stock has been heavily influenced by hatchery fish.This stock
contributes to ocean and in-river fisheries.
Deschutes River fall chinook are also harvested inocean and in-river
fisheries.Factors limiting production of Deschutes River fall chinook include66
passage problems at Columbia River dams and impoundments and degradation of
riparian habitat in the subbasin.
Production of upriver bright fall chinook occurs in the mainstem Columbia
River between Mc Nary and Priest Rapids dams. They are a major contributor to
ocean fisheries in southeast Alaska and northern British Columbia (Columbia Basin
Fish and Wildlife Authority 1991). They also provide for major in-river
commercial, tribal, and sport fisheries.Factors affecting the production of upriver
bright fall chinook are related to mainstem passage and habitat quality.
Ordination of Life History Characteristics
The results of detrended correspondence analysis ordination of stocks of
Columbia River chinook salmon are shown in Figure 15. Chinook salmon stocks
(samples) are separated along both the first and second axes. Eigenvalues for axis 1
and axis 2 are 0.070 and 0.024, respectively.Life history data and stock names are
given in Appendix Table A-2.
Dashed-line circles are placed around each set of stocks composing a "race".
These races are spring, summer, and fall, based on the run timing of migrating
adults.Fall chinook stocks form a distinct cluster apart from other stocks. The two
summer stocks form a small cluster which lies within the larger cluster of spring
stocks.
The fall chinook cluster of stocks segregates from the spring and summer
chinook clusters along the first axis. An environmental condition that may be used to67
Figure 15. Detrended correspondence analysis of Columbia River chinook salmon.
Data and stock names are given in Table A-2. Dashed lines represent stock types
(spring, summer, fall), dotted lines environmental gradients.Figure 15 (continued)
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partially explain this pattern is fresh water migration difficultyfor adult fish.
Obstacles to migrating adult chinook salmon in the Columbia Basin includelarge
dams and impoundments, diversions, and cold water and high flowsdischarged from
dams during the time of migration.
While many fishways, such as ladders, have been installedat dams, water
flows at the base of a dam may not be sufficient to attract adultsto the fishway
(Northwest Power Planning Council 1987). Many fishwaysare not effective due to
mechanical and maintenance inadequacies. In addition,a number of diseases that
affect adult fish have been associated with fish ladders and attraction facilitiesat
dams (Northwest Power Planning Council 1987). Large reservoirs abovedams delay
the upstream migration of adults. Water diversions for irrigation, hydropower,and
other uses reduce the amount of water below critical flows needed forupstream
migration. This has been a serious problem in the Yakima River subbasin
(Northwest Power Planning Council 1987). Cold water and high flows discharged
from impoundments delay upstream migration of adult chinook. This problem has
been documented in the North Santiam River, in the Willamette River subbasin
(Northwest Power Planning Council 1987, Wevers et al. 1992).
Migration difficulties for the selected stocks of Columbia River chinookare
summarized in Table 4.First, an attempt was made to identify the kinds of obstacles
encountered by each stock. The number of large dams encountered by chinook
stocks ranges from 0 in the lower Columbia River to 8 in the Snake River subbasin.
Other migration barriers, such as smaller dams and facilities at falls, are identified.70
Table 4. Migration obstacles for adults of selected chinook salmon stocks in the
Columbia Basin (from Columbia Basin Fish and Wildlife Authority, 1991).
No. of BPA
dams in Colum-
Stock bia R. Basin
River basin migration impediments
Migration
obstacles
Cold water
discharges
High
flows
Upriver Brights
Fall
Lower Columbia R.
Fall
Deschutes R.
Fall
4
0
2
2'
it,
Middle Fk. Salmon R.8
Spring
Rapid R. 8
Summer
hnnaha R. 8
Spring /Summer
Willamette R. 0 P Yes Yes
Spring
Yakima R. 4 3d
Spring
Deschutes R. 2 lb
Spring
Grande Ronde R. 8
Spring
' Mayfield Darn on the Cowlitz River and Merwin Dam on the Lewis River.
b Sherars Falls.
cWillamette Falls, dams and hydropower facilities on important tributaries.
° Prosser Dam and Wapato and Roza diversion dams.
Stocks that are known to encounter cold water and high flowsare also identified.
The chinook stocks in Table 4 are listed in order as theyappear in the
ordination plot from left to right, or along the gradient of adult migration conditions
from easy to difficult. Generally speaking, of the threeraces of chinook, fall71
chinook stocks probably encounter the least harsh up-stream migrationconditions.
Production areas for fall chinook stocks were the farthest downstreamin the
Columbia Basin, below most of the large dams. Flow conditions belowlarge dams
during fall migration are the most likely to resemble natural flows.Fall chinook
spawn in main stem reaches of the Columbia River and its tributaries, where theyare
less likely to experience the low flow effects of diversions.
In contrast, production areas for spring andsummer races of chinook salmon
are located in upper reaches of the Columbia Basin. These stocks must pass,on the
average, a greater number of dams and diversions during their upstream migration.
Flow rates during spring and summer migrations do not resemble naturalflows.
Cold water, high flow rates, and disease problems associated withpassage facilities
further increase the difficulty of adult migration for these stocks.
As discussed previously, Schaffer and Elson (1975) postulate that long, harsh
fresh water migration distances and conditions will select fora longer period of
feeding at sea, delayed reproduction, and larger size at reproduction. The life
history information for selected stocks of Columbia Basin chinook salmon (Appendix
Table A-2) support these ideas. The spring and summer chinook stocks tendto
mature at a greater age than the fall stocks. Each of the three fall chinook stocks has
some adults maturing as two-year olds. None of the selected spring and summer
stocks have adults maturing at two year. There is also a very slight difference
between the average size of adults.Fall chinook adults average 70.3 cm in length,
summer chinook 72.5 cm, and spring chinook 74 cm.72
A second environmental parameter, whichruns parallel to the second axis, is
a gradient of mean annual runoff (Figure 15). This gradient can be used toaccount
for the separation of spring and summer chinook stocks alongthe second axis.Fall
chinook stocks do not separate well along this axis.
From west to east in the Columbia Basin, themean annual runoff, measured
in inches of water, decreases (Table 5). Spring andsummer stocks, which appear to
be more sensitive to stream flows during their adult migration,may have developed
an assemblage of life history characteristics in response to the magnitude and timing
of the flows they experience. This may account for the separation ofthe stocks in
Figure 15, with Willamette River spring chinook atone extreme (wet) and Yakima
River spring chinook at the other (dry). Fall chinookmay not be as sensitive to
flows as affected by mean annual runoff, since theyspawn and rear in lower reaches
of rivers. They appear to have evolved a set of life history characteristics in
response to other environmental parameters.
As discussed in the previous section, harvest practices can decrease the
average age and size of salmon (Ricker 1981), particularly for chinook salmon.
Five- and six-year old chinook salmon in the Columbia Basin appear to be especially
vulnerable to harvest by the troll fishery. Ocean harvest of Columbia River chinook
salmon occurs primarily off the coasts of Alaska, British Columbia, Washington, and
Oregon (Northwest Power Planning Council 1987). Since World War II there has
been an increase in the number and effectiveness of commercial trolling and
recreational fishing vessels.73
Table 5. Mean annual runoff in production areas for selected spring andsummer
chinook salmon in the Columbia Basin (from Kimer ling and Jackson 1985).
Production area
Mean annual runoff
(inches of water)
Willamette River 30
Middle Fork Salmon River 20
Upper Deschutes River 20
Grande Ronde River 10
Imnaha River 2
Rapid River 2
Yakima River 2
Harvest of larger, older Columbia River chinook would decrease theage
composition and size of stocks, decreasing the adaptive capacity especially of the
upper basin spring stocks. Spring chinook stocks in the Middle Fork Salmon,
Grande Ronde, and Yakima rivers and summer chinook stocks in the Imnaha and
Rapid rivers would be the most sensitive of the stocks examined here to this kind of
selective pressure. This may have already occurred for other similar stocks,
resulting in the decline and listing of Snake River chinook stocks as endangered.
Spring Chinook Salmon in the Willamette River
We will now focus on a spring chinook stock from the lower Columbia Basin,
Willamette spring chinook, and its local populations.74
Distribution
Spring chinook are the only stock of salmon nativeto the Willamette Basin
above Willamette Falls. From 1946 to 1963, Willamettespring chinook averaged
more than 20% of the spring chinook run entering the Columbia River (Galbreath
1965). From 1982 through 1984, the Willametterun passing over Willamette Falls
exceeded spring chinook counts ofupper Columbia River stocks at Bonneville Dam.
Historically, spring chinook productionareas were found in the Clackamas,
Molalla, Santiam, Calapooia, McKenzie, and Middle ForkWillamette river basins
(Figure 16). Major reductions in natural production of Willamettespring chinook
have occurred over the last 40 years. By 1970, damswere completed by the U.S.
Army Corps of Engineers on all the major tributaries. Asa result, approximately
400 miles of some of the previously most important spawning andrearing habitat for
spring chinook salmon are no longer accessible (Foster 1991).Inadequate fish
passage facilities at dams and degradation of habitat resulted in further loss of
production (Buckman and Warren 1983). A large hatcheryprogram mitigates for
loss of natural production and is thought to constitute about 95% of the total
production of spring chinook in the Willamette Basin.
Presently, natural production of spring chinook salmon in the Willamette
Basin occurs in the Clackamas, North Santiam, South Santiam, andMcKenzie river
basins (Figure 17). These areas define the four local populations of Willamette
spring chinook recognized by the Oregon Department of Fish and Wildlife75
Figure 16.Historical distribution of spring chinook salmon in the Willamette River
Basin.Figure 16 (continued)
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Basin.78
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(unpublished data, Oregon Department of Fish and Wildlife). Thesefour local
populations plus two others used in this life history analysisare described below.
Investigations on habitat use and early and late life stages of Willamette
spring chinook salmon were conducted by Mattson in 1946-51 (Mattson1948, 1962,
1963). These studies describe in detail the life history characteristics ofWillamette
spring chinook salmon before many of the U.S. Army Corps damswere built in key
tributaries for spring chinook production in the Willamette Basin. Data fromthese
reports are not from a particular local population of Willamette spring chinook, but
from a mixture of various local populations that migrated through the lower
Willamette River. However, the information from these reportsare treated here as
representative of a "historical local population" (WIHIS) of spring chinooksalmon.
This permits comparison of historical life history characteristics with life history
characteristics of present local populations to determine how the present populations
may have responded over time to changing environmental conditions.
The Clackamas River was considered one of the largest producers of spring
chinook salmon in the Pacific Northwest (Oregon Department of Fish and Wildlife,
in press). From 1917 to 1939 upstream migration of adults was blocked by the
Faraday Diversion Dam. A fish ladder was rebuilt in 1939, allowingaccess to the
upper Clackamas Basin. The current run of spring chinook in the Clackamas River
is of both natural and hatchery origin.
An estimated 71% of the original spring chinook production in the North
Santiam River basin occurred above Detroit Dam, an area now inaccessible to80
chinook salmon (Mattson 1948). Hatchery productionmitigates for loss of
production above Detroit Dam.
Historically, 85% of the spring chinook production inthe South Santiam
River basin occurred above Foster Dam (Mattson 1948).Although passage facilities
were constructed at the dam, passage problems and mortality in the reservoirhave
contributed to the decline of runs above Foster Dam.Passage of spring chinook over
Foster Dam was discontinued until onlyvery recently (Oregon Department of Fish
and Wildlife, unpublished information). Natural productionareas have been limited
to reaches of the main stem South Santiam River and its tributariesbelow the dam.
A large hatchery program for spring chinook exists in theSouth Santiam, to mitigate
for loss of production in areas flooded by Foster and Green Peterreservoirs and to
supplement ocean and fresh water fisheries.
Approximately one-third of the original salmon productionarea of the
McKenzie River basin has been lost due to dams. Also contributingto the decline in
natural production is mortality of juvenile spring chinook in the Leaburgand
Walterville canals on the McKenzie River. Juveniles from the North andSouth
Santiam rivers as well as from the McKenzie River experience additionalmortality at
Willamette Falls power generating facilities. Hatchery production in theMcKenzie
basin compensates for loss of natural production above Cougar and BlueRiver dams
and supplements fisheries.
The final local population examined is a Willamette hatchery (WIHAT) "local
population". Data from hatchery fish collected at Dexter Damon the Middle Fork81
Willamette River and reared at Willamette Hatcheryare used. Brood stock for
spring chinook reared at Willamette Hatcheryare collected at Dexter Dam. The
collection trap at Dexter Dam is operated to collect broodfish in representative
numbers over the length of the adultrun (personal communication from E. Smith,
Oregon Department of Fish and Wildlife). Naturally producedadult spring chinook
are not used for brood stock. This local population is compared with the otherlocal
populations to determine how the hatchery stock differs fromthe historical spring
chinook population and the four local populations presentlynaturally produced.
Ordination of Life History Characteristics
The results of detrended correspondence analysis ordination oflocal
populations of Willamette spring chinookare shown in Figure 18. Local populations
of chinook salmon stocks (samples) are separated along both the firstand second
axes. Eigenvalues for axis 1 and axis 2 are 0.019 and 0.007, respectively.Life
history data and local population names are given in Appendix TableA-3.
Examination of environmental conditions in the Willamette Basinsuggests two
parameters that may partially explain the ordination pattern of local populations of
spring chinook in Figure 18. The first environmental parameter, whichruns parallel
to the first axis, is a gradient of upstream migration difficulty. This environmental
gradient can be used to explain differences in life history characteristicsof adults
from the different local populations.82
Figure 18. Detrended correspondence analysis of Willamette spring chinook local
populations. Data and names of local populations are given in Table A-3. Dotted
lines represent environmental gradients.Figure 18 (continued)
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Relative to the historical population of Willamette spring chinook,present
local populations experience greater difficulties during their upstream migration.
Adult spring chinook can be delayed, injured, or killed duringpassage at Willamette
Falls (Rien et al. 1992). Water released from 13 U.S. Army Corps of Engineer
dams within the Willamette Basin is cooler in late spring andsummer than before the
dams were constructed, this delaying migration of adult spring chinook (Morse et al.
1987, 1988).
Dams and low flows delay migration to spawning grounds in the Clackamas
River. Passage of adult spring chinook is first delayed at a long and winding fish
ladder at River Mill Dam (Oregon Department of Fish and Wildlife, in press). After
passing River Mill Dam, adult spring chinook are attracted to greater flows of cool
water leaving turbines at the Faraday Powerhouse. Upon passing the powerhouse,
spring chinook must then fmd the 1.7 mile North Fork fishway that allows fish to
pass both Faraday and North Fork dams.
In the North Santiam River, migrating spring chinook first encounter passage
problems at Stayton. Here, they must cross a series of fishways and headgates,
avoiding unscreened irrigation canals, power canals, and ditches (Wevers et al.
1992). Passage is especially difficult during low flow conditions. Cold water
discharged from Detroit Reservoir in early summer causes delay in adult spring
chinook migration (Wevers et al. 1992).
High flows and cold water discharged from Green Peter Dam on the South
Santiam River delay upstream movement of spring chinook (Buchanan and Wade85
1978). Although there are passage facilities at this dam, adult spring chinookare not
attracted to the ladder. Also, until the 1980s, returns of spring chinook to Foster
Dam, below Green Peter Dam, were not sufficient to meet hatchery needs.
Consequently, no adults were passed above the dam (Wevers et al. 1992).
Out-fall from Ore-Aqua Hatchery and the tail-race below Leaburg Damon the
McKenzie River delay migration of adult spring chinook (Howell et al. 1988).
Release of cold water from Cougar Dam then delays entry of adults into the South
Fork McKenzie River and may delay migration in the main stem McKenzie River.
As a result of these upstream migration difficulties, life history characteristics
of local populations have changed over time. Of the six local populations examined,
run timing for the historical Willamette population is the earliest (see Appendix Table
A-3). Run time is progressively later for the McKenzie, Willamette Hatchery, South
Santiam, Clackamas, and then North Santiam local populations.
Differences in spawning time between the local populations show a similar
pattern (see Appendix Table A-3). Spawning is earliest in the historical Willamette
population, followed by the McKenzie, South Santiam, Willamette Hatchery,
Clackamas, and then North Santiam local populations.
The second environmental parameter, which runs diagonally from the lower
right corner to upper left corner, is a gradient of fall water temperature from cool to
warm. This gradient can be used to partially explain differences in life history
characteristics of juvenile spring chinook salmon.86
Warm water released from reservoirs during fall draw-downincreases water
temperatures above historical levels in some spring chinook productionareas. Table
6 shows mean monthly water temperatures in productionareas of five of the six local
populations. Pre-impoundment data, where available, is shownas well as post-
impoundment data. Although water temperature datacannot be applied to the
historical Willamette local population in thesame way, it is assumed that fall
temperatures for this population are the coldest.
Table 6. Mean monthly fall water temperatures in Willamette Basin rivers before and after installation
of U.S. Army Corp of Engineer dams (U.S. Army Corps of Engineers 1982).
Monthly mean water temperature (°C)
Pre-impoundment period Post-impoundment period
Site Sept Oct Nov Ave. Sept Oct Nov Ave.
Clackamas River
fp Estacada (1964) 12.8 8.9 5.6 9.1
McKenzie River nr.
Vida (1961-81) 11.1 8.2 7.1 8.8 11.2 10.0 7.4 9.5
South Santiam River
12 Waterloo
(1964-1981) 17.2 13.1 7.7 12.7 12.7 11.0 9.2 11.0
North Santiam River
Niagra (1953-1981) 11.0 12.4 9.9 11.1
Middle Fork Willamette River
@ Jasper (1966-81) 14.7 14.4 10.7 13.3
Of the five production areas below U.S. Army Corps dams, the Clackamas
River has the coolest fall water temperatures.
The McKenzie River has slightly warmer fall water temperatures than the
Clackamas River. Post-impoundment water temperatures in the McKenzieare higher87
than water temperatures before installation of dams. As a consequence, incubation
time in the fall is shortened and fry emergence and migration occur earlier than in
the past (Howell et al. 1988).
Presently, average fall water temperatures in the North and South Santiam
Rivers are quite similar.Fall water temperatures in the South Santiam River are
presently cooler than before Foster and Green Peter dams were built (U.S. Army
Corps of Engineers 1988). However, in the North Santiam River, warmer fall water
temperatures than in the past cause earlier emergence of fry. As a consequence, fry
are exposed to winter freshets and have lower survival than before installation of
Detroit Dam. Also, juvenile spring chinook now feed earlier in the year, during a
nutrient-poor time, this further reducing fry survival (personal communication from
E. Smith, Oregon Department of Fish and Wildlife).
Fall water temperatures in the Middle Fork Willamette River below its dams
are the warmest (Table 6). The Willamette Hatchery population experiences these
warm water temperatures, which can account for it having the earliest emergence
time of the six local populations examined. Emergence times are successively later
for the North Santiam, Clackamas, historical Willamette, South Santiam, and
McKenzie local populations (see Appendix Table A-3).
These environmentally induced changes in life history characteristics of local
populations of Willamette spring chinook salmon result in reduced survival of both
adult and juvenile life stages. The adaptive capacity of juvenile spring chinook in the88
North Santiam and McKenzie local populations, for example, is reducedby the shift
to an earlier emergence time.
Juvenile spring chinook experience additional mortality during their
downstream migration. In the Clackamas River, downstream migrantsare lost
passing through turbines at the North Fork hydro complex (Oregon Department of
Fish and Wildlife, in press). Downstream migrants experiencepassage difficulties at
the Stayton complex on the North Santiam River (Wevers et al. 1992). Juvenilesare
lost or stranded in unscreened diversions in the South Santiam River during their
downstream migration (Wevers et al. 1992). Mortality of fry and smoltsoccurs in
the Leaburg and Walterville canals in the McKenzie River (Howellet al. 1988).
Additional downstream migrants are lost at Willamette Fallspower generating
facilities.
Harvest practices can further decrease the adaptive capacity of local
populations. Examination of harvest of Willamette spring chinook shows that it is
about equally divided between ocean and fresh water fisheries. Most of theocean
catch is taken by commercial trollers off the coast of British Columbia.
Sport and commercial harvest in the Columbia River accounts for an
estimated 11 percent of the Willamette run of spring chinook entering the mouth of
the Columbia River (1977 to 1986 run years, Oregon Department of Fish and
Wildlife unpublished data). The winter gill net fishery in the Columbia River is
largely dependent on production from the Willamette River. Most of the freshwater89
catch occurs in the lower Willamette River below Willamette Falls and in the
Clackamas River (Oregon Department of Fish and Wildlife 1990).
The decline of spring chinook production in the Willamette Basinmay be due
in part to mixed hatchery and wild stock fisheries. As hatchery production increased
in the Willamette Basin to compensate for loss of natural production due to dams and
to rebuild declining runs, intensive fisheries have been maintained largely by the
more abundant hatchery fish.Relatively high harvest rates suitable for hatchery
stocks further depress naturally produced stocks.
Historically, most of the Willamette spring chinook salmon returned atages 5
and 6 (Appendix Table A-3). Hatchery adults currently return mostly atage 4. The
older age classes are vulnerable to the ocean troll fisheries for an additionalyear or
two.
The winter gill-net season on the lower Columbia River is targeted on early
migrating Willamette spring chinook to minimize the catch of steelhead and
depressed upper Columbia River chinook salmon stocks (Howell 1988). The older
and larger spring chinook enter the Columbia early in the run when the gill-net
season is open. Most of these fish are believed to be naturally produced fish
returning to the McKenzie River.
The sport fishery below Willamette Falls is not targeted on larger fish early in
the run as is the gill-net fishery. However, about half of the sport harvest below
Willamette Falls is 5 and 6-year-old fish, and this sport harvest is about three times
the gill-net catch (Howell 1988). Consequently, the harvest of older, larger,90
naturally produced spring chinook in the Willamette Fallssport fishery may be as
great or greater than their harvest in the gill-net fishery.
Local populations in the Clackamas, North and South Santiam,and McKenzie
rivers have adults returning mostly at age 4 (Appendix Table A-3),suggesting that
these populations have been interbreeding with hatchery fish,or harvest practices
have selected for the younger maturing fish,or a combination of the two.
Life history theory predicts that harsh, upstream migration conditionsselect
for a longer period of growth at sea and an olderage at return (Schaffer and Elson
1975). Also, high ocean growth rates subsequent to theage of fast possible
reproduction will select for older ages of first reproduction. And, ifegg-to-adult
survival varies from year to year, then selection will favor populations in which
adults mature at different ages.
These three models fit Willamette spring chinook salmon, in particular the
historical local population. Life history analysis of present local populationssuggests
that harvest practices have shortened the period of growth atsea, resulting in an
earlier age at first reproduction, and a less diverse age composition of mature adults.
This has resulted in reduced adaptive capacities of local populations anda decline in
the abundance of Willamette spring chinook salmon.DISCUSSION
Life History Theory
91
In the perspective presented here, species, stocks, and local populations of the
genus Oncorhynchus are viewed as systems that are continuously adapting to
changing environmental conditions. Anadromous salmonids of thegenus
Oncorhynchus encounter a wide range of environmental conditions in thecourse of
their incubation, freshwater rearing, migration, ocean life, and spawning. These
environments are highly variable spatially, seasonally, annually, and through
evolutionary time, in ways that are often unpredictable. High salmonid fecundities
suggest not only that selective pressures have always been rigorous, but that high
fecundities maintain fitness in particular habitats.
The ability to perform well under a particular set of environmental conditions
is less important for persistence of a salmon, steelhead, or trout than the capacity to
adapt to the wide range of possible environmental conditions at each life stage. For
example, a salmon fry that feeds aggressively may outperform its siblings in the
absence of predators, but in the presence of predators its aggressive behavior may
make it vulnerable to predation.Survival is determined more by the capacity to
adapt to changing conditions than by superior performance in a particular set of
environmental conditions.92
Each species, stock, or local population has the potential capacity to adapt in
different ways in different environments. This is accomplished through life history
and evolutionary adaptation. Life history diversity is a way in which species, stocks,
and local populations can take advantage of changing environmental conditions in
time and space. A variation on this concept is spreading of risk, put forth by den
Boer (1968 and 1981). He argues that life history diversity is a way in which
populations may persist in heterogeneous and variable environments. Levins (1968)
discusses strategies for maximizing fitness in environments that vary in timeor
space, many of which are found in Oncorhynchus.
The first is formation of local specialized races, or stocks. The stock concept
has been used by fisheries scientists in managing salmon and steelhead for over 40
years (Larkin 1972). Stocks are treated as discrete entities or management units.
Ordination analysis of species representatives of Oncorhynchus illustrated differences
between stocks of the same species (Figure 13). Likewise, differences were shown
between the Columbia River chinook stocks.Fall chinook stocks appear to be more
similar to each other, but as a group are much different from the spring and summer
stocks (Figure 15).
Another strategy is the development of genetic polymorphism with large
blocks of linked co-adapted genes, or super-genes. This could explain the presence
of different local populations having distinct and different life history characteristics,
such as the local populations of Willamette spring chinook salmon.93
A third strategy is maintenance of a high degree of genetic variabilitywithin a
population. This trait is found in sea-run cutthroat trout, which showa high degree
of intra-population as well as inter-population genetic variation (Rymanand Utter
1987).
A fourth strategy is speciation and formation of distinct breedinggroups that
can evolve independently to occupy different parts of an environmental mosaic. This
strategy has been demonstrated in this thesis for Oncorhychus species in the North
Pacific Basin, for chinook salmon stocks in the Columbia River Basin,and for local
populations of spring chinook salmon in the Willamette River subbasin. Different
species of Oncorhynchus occupy different areas and habitats in the NorthPacific
Basin. In a similar way, spring, summer, and fall stocks of Columbia River chinook
salmon spawn and rear in different areas of the Columbia River Basin and its
tributaries. These stocks are reproductively isolated from each other, either inspace
or in time. And local populations of Willamette spring chinook salmon are distinct
groups which maintain some level of reproductive isolation by spawning and rearing
in different Willamette tributary systems.
The fifth strategy discussed by Levins is development of somatic
polymorphism, a single genotype that develops a variety of phenotypes. This
strategy may apply to populations of salmon that show no genetic differences yet
exhibit different morphological or life history characteristics.
A sixth strategy is the evolution of phenotypic plasticity that enables
individuals to react during their development in an adaptive manner to the specific94
conditions they experience. This is what has been referred to in this thesis as life
history adaptation.
The final strategy is evolution of heterozygotic superiority. This would lead
to genetic polymorphism. In nature, of course, various combinations of these
strategies can and do occur together.
The adaptive capacity of a stock or species of Oncorhynchus is entailed in its
organization. Different species, stocks, and local populations are found in different
habitats, keyed to different environmental and harvest conditions. For the genus
Oncorhynchus to persist, it must maintain a variety of species in the various habitats
of the North Pacific Basin. The adaptive function of a particular species is to keep
available habitats occupied with stocks. Likewise, to adapt, a particular stock must
keep local populations in available habitats.
Over time, some species, stocks, and life history types will increase while
others decrease.Potential habitat that is unoccupied suggests that successful
colonization has not occurred or that some stock or local population has not adapted
to recent environmental changes or harvest conditions. Colonization and adaptation
by a stock or local population is needed. This may occur if environmental and
harvest conditions remain relatively constant over a time period of a few to several
generations, enough time a stock or local population to reorganize its genetic
resources.
Life history diversity of stocks and species should be evaluated relative to
their habitats and management environments. Life history diversity is not adaptive in95
and of itself.It is adaptive relative to sets of changing environmental conditions.
Life history diversity enables the genus Oncorhynchus, its species, stocks, and local
populations to occupy and take advantage of a variety of changing habitats and
harvest conditions. This makes possible the persistence of salmon, steelhead, and
trout in time and space.
Persistence of salmonids depends more on capacity to adapt to environmental
change than simply on numerical performance. The importance of life history
diversity is often disregarded in the quest for maximum numbers of fish, in terms of
run sizes and harvest objectives. Management strategies usually focus on optimizing
such numerical performances of stocks and local populations. Yet disregard for life
history and stock diversity can increase variability in run size and harvest as wellas
threaten the long term fitness of the stocks and local populations by narrowing the
range of environments in which they can persist. With life history diversity,
environmental changes that harm some local populations or stocks may have little
effect on or even benefit others.Overall numerical fluctuations of stock or species
can thereby be reduced.
Management Implications
Our concept of natural resources, our approaches to using them, and our
subsequent management of them have evolved over time. Zimmerman (1951)
describes three different phases of natural resource use experienced by societies. The96
first involves acknowledging resources purely as working tools of humans and
society, such as land, labor, and capital, or through their effects on economic supply
and demand. In the second phase, resources are viewed as tangible things,or
substances studied and described only by natural scientists. They are viewedas
isolated, static commodities rather than as parts of the constantly changing natural-
cultural context in which they are embedded. In the third phase, there is a greater
appreciation of resources as "living phenomena, expanding and contracting in
response to human effort and behavior" (page 7 in Zimmerman 1951).
This third phase describes our present view of Oncorhynchus, its species,
stocks, and local populations and the fisheries they support. Most fisheries managers
view fish species and stocks as "living phenomena" which respond to environmental
and harvest conditions by increasing or decreasing in numbers and distribution. But
more fundamental than this is Robert Rodale's notion of the "regenerative capacity of
all living systems" (Serchuk and Smolowitz 1990). Rodale stated that in using
natural resources, such as fish species and stocks, "...we need to emphasize the
regenerative capacity of all living systems, to learn to use them in ways that enhance
that regenerative capacity."
The goals and objectives of agencies and groups concerned with management
of fish species and stocks reflect this appreciation of the "regenerative capacity" of
the resource. This appreciation is expressed in different ways. The Oregon
Department of Fish and Wildlife's mission statement is "to protect and enhance
Oregon's fish and wildlife and their habitats for use and enjoyment by present and97
future generations." The Department's basin plans for fisheriesmanagement contain
objectives for "maintaining the genetic diversity and adaptiveness" of species(Rien et
al. 1992, Wevers et al. 1992). Other goals pertain to sustainability--the long-term
persistence of stocks and species of fish. The Columbia River Basin Fish and
Wildlife Program of the Northwest Power Planning Council's (NorthwestPower
Planning Council 1987) is designed "not just to producemore fish, but to preserve
the genetic diversity of the runs," presumably to ensure the long-term persistence of
salmon and steelhead.
Perhaps underlying these statements is a concept of protecting the adaptive
capacities of species and stocks of anadromous salmonids."Diversity" or "genetic
diversity" is assumed to be desirable because it is believed to increase adaptiveness.
However, unorganized or non-relative diversity may not have adaptive advantage.
To be important, diversity must have some adaptive advantage to stocksor local
populations. Genetic or phenotypic diversity must be keyed to habitat or
environmental diversity in space and time.
Moreover, just as habitat and environmental conditions change over long
periods of time, so does genetic and life history organization. Natural selection and
evolution are ongoing, not static, processes. In order for a local population or stock
to remain well adapted, its life history characteristics must change in concordance
with its habitat and fishery management environment.98
Management Application
What does this mean in terms of managing a specific anadromous salmonid
stock, such as Willamette spring chinook salmon? One can derive management
generalizations from the life history theory and models discussed in previous
chapters. These generalizations prescribe certain management guidelines, which
follow. For each guideline, there are specific suggestions for their application in
management of Willamette spring chinook.
Generalization 1. Co-organization will increase with increases in local
population, stock, and species life history diversity consistent
with habitat availability.
This generalization says that as local populations, stocks, and species achieve
the greatest diversity of life history types adapted to the diversity of habitats
available, then the organization of the local population, stock, or species relative to
organization of its corresponding habitat increases towards a maximum value. This
is because local populations, stocks and species tend to develop specificarrays of life
history types closely tied to historical habitat and management conditions. Stocks
acquire stock-specific organization concordant with short-term and long-term
characteristics of their habitat and management environments. Two management
guidelines emerge from this generalization.
Guideline A. Maintain a variety of local populations, stocks, and species
in existing habitats with life history characteristics keyed to
habitat conditions.
This guideline suggests that, in the case of Willamette spring chinook salmon,
it should be a management goal to maintain a variety of local populations having the99
appropriate life history characteristics for existing habitats in the Willamette Basin.
Monitoring of local population life histories can help us understand how particular
characteristics relate to environmental characteristics. For example,run time and
spawning time are related to flow and temperature conditions during migration.
Comparison of historic conditions with present conditions can helpus evaluate
changes in life history characteristics, such as those that occurred in local populations
of Willamette spring chinook.
Guideline B. As new habitats become available, provide for colonization
by local populations having suitable life history
characteristics.
Co-organization of Willamette spring chinook salmon will increase with the
establishment of additional local populations in habitats as they become available. As
sites for re-establishment of spring chinook, areas above U.S. Army Corps of
Engineers dams no longer having viable populations of spring chinook salmonare
identified by the Willamette Basin Implementation Plan for Spring Chinook Salmon
(Oregon Department of Fish and Wildlife, in preparation). These areas are the
Molalla River, the North Santiam River above Detroit Dam, the South and Middle
Santiam rivers above Foster Dam, the Calapooia River, and the Middle Fork
Willamette River above Dexter Dam.
In attempting to re-establish local populations in these areas, care should be
taken to use donor stocks having life history characteristics appropriate for the habitat
conditions found at each site.Introduction of local populations into habitats for
which they are totally unsuited would most likely fail. For example, the donor stock100
used in the upper North Santiam River, a cold water system, should have life history
characteristics such as late run time and late spawning time. In contrast, donor stock
used to colonize the Calapooia River should have life history characteristics suitable
for a warm water system. In time, each newly-established local population will
evolve to have its own set of life history characteristics adapted to environmental
conditions experienced at the site.
Generalization 2. A change in the organization of habitat or management
environment after several generations of relative stability will
usually result initially in a negative change in co-organization.
Local populations that were previously well adapted to their habitat and
management environment are no longer as well adapted following a change in habitat
or management conditions. Following an initial negative change in co-organization,
co-organization will increase if habitat and management conditions remain relatively
stable for the local population over a period of at least a few generations, so long as
management is appropriate.
An example is the change in water temperatures and flows experienced by
Willamette spring chinook salmon. Water temperatures below dams are cooler in
late spring and summer and warmer in the fall than before the dams were constructed
(Morse et al. 1987, 1988). Reservoir retention and draw-down has altered flows
below dams. Life history characteristics of the historic population (before installation
of U.S. Army Corps dams) were different from those of present day local
populations.It can be assumed that the historic population was no longer well
adapted to habitat conditions following installation of the dams. With new101
temperature and flow regimes, new life history types evolved in local populations,
this increasing co-organization.
The following guideline is intended to increase or maximize co-organization
of local populations, stocks, or species with their habitat.
Guideline A. Protect habitat, and ensure, as much as possible, that
habitat changes will occur in the natural or historic range
of frequency and magnitude.
Since local populations, stocks and species develop specific arrays of life
history types closely tied to historical conditions, maintaining habitat changes within
the historic range of fluctuations will tend to maximize co-organization. The
Willamette Basin Implementation Plan for Spring Chinook (Oregon Department of
Fish and Wildlife, in preparation) specifies that current natural production areas for
spring chinook will be given a high priority for habitat protection and enhancement
activities.This should help to prevent drastic habitat changes that could result in
serious decreases in co-organization of local populations and their habitats.
Generalization 3. A marked change in the organization of a local population,
stock, or species, or in its habitat should be accompanied by
an appropriate correlative change in management.
This generalization suggests that management activities first should focus on
monitoring co-organization of local populations, stocks, and species and their
habitats. We should look for ways in which a local population, stock, or species has
taken advantage of different environmental conditions through life history adaptation.
Secondly, management responses to changes in co-organization should be intended to
increase co-organization. The following guideline takes this one step further.102
Guideline A. Maintain habitat and management environments relatively
constant over sufficient extents of time and space for
natural selection processes to organize genetic and life
history characteristics of local populations, correlative with
those environments.
Ideally, management activities should provide relatively constant habitat and
fishery conditions for natural selection processes to "organize" life history traitsover
a period of at least a few generations, longer the longer the previous period of
instability and disorganization. In the Willamette Basin, management should protect
local populations from harvest practices that decrease the capacity of these
populations to develop appropriate life history characteristics in response to their
habitat. There is concern that small, naturally produced local populations, such as
the McKenzie population, are already over-harvested.
Generalization 4. Management of local populations, stocks, and species should
be directed toward maximizing co-organization and
maintaining biological and social communities and not toward
maximizing yields.
Management activities are often directed towards providing maximum run
sizes and harvests. In doing so, the more fundamental adaptive capacities of local
populations, stocks, and species that make harvest possible are often ignored. We
have seen, time and again, upheaval occurring in social communities when yields of
fishery stocks plummet. Focus on maximizing the co-organization of stocks, their
habitats, and fishery environments--thus protecting the adaptive capacities of stocks--
would go a long way toward insuring stability of social communities dependent on
fisheries.103
Guideline A. Quantity and quality of yield ought to be consistent with
and determined in such a way that co-organization of biota,
habitat, and management tends toward a maximum.
"Harvestable surplus" is a phrase used by fishery managers to describe the
biomass or number of fish that can be "safely" cropped from a stock before thereare
detrimental effects on the stock. This notion has no biological or ecological basis.
Stocks or populations do not produce "surplus" individuals. Harvest affects the
adaptive capacity of a stock by removal of individuals that are better or less suited
than other individuals for their environmental conditions. Harvest acts as a selective
force and thereby affects co-organization. Management should regulate exploitation
to minimize detrimental effects on co-organization.
The following guideline suggests an approach for harvest management
consistent with Generalization 5.
Guideline B. Management should exploit local populations and stocks
having high values of co-organization and favor local
populations and stocks having low values of co-
organization.
Fisheries should selectively harvest local populations that show a high degree
of realization of their adaptive capacities--in other words, that are well adapted to
their environments. Fisheries should not harvest local populations having low values
of co-organization--that are not well adapted to their environments. These local
populations should be protected from harvest pressures long enough to allow them to
develop greater co-organization with their environments. Then appropriate levels of
harvest should be constantly maintained to favor co-adaptation to harvest.104
In most cases, anadromous salmonids are harvested in mixed-stock fisheries
where it is very difficult, or impossible, to differentiate between stocksor local
populations. The danger is that the species or stock may appear to be well adapted,
based on estimates of species or stock abundance. However, some of the stocksor
local populations contributing to the fishery may be in poor condition,may have low
values of co-organization. Unless local populations can be differentiated in mixed-
stock fisheries, or unless fisheries can be moved to locations where specific local
populations can be selectively harvested, it may be impossible to provide adaptive
management.
Problems related to the status of a particular stock may be temporarily
alleviated by increases in some of its local populations. This has been thecase for
Willamette spring chinook salmon. For the last 40 years, increasing hatchery
production has been used as a way to compensate for decreasing natural production.
Only recently has it been recognized that this will not solve the problem of long-term
persistence or sustainability of the stock. In fact, large runs of the Willamette
Hatchery local population have increased harvesting pressure on the entire Willamette
spring chinook stock.Naturally produced local populations, already declining due to
loss of habitat and degradation of remaining habitat, cannot sustain this harvest
pressure. This is believed to have contributed further to the decline of naturally
produced local populations. Whether these local populations can recover if harvest
pressure is lessened remains to be seen.105
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Table A-1. North Pacific Basin species representativesx life history characteristics matrix.
Species
Latitude
(degrees
Code N)
Longitude
(degrees
E or W)
Migration
distance
(km)'
Adult run time (month)"
Early Late Early Late Early Late Early
JanJanFeb FebMar MarApr
Sockeye salmon
Chilko L., Fraser R. BCSOC 51 124 644 00 00 00 0
Kulik L., Wood R. ALSOC59 158 153 00 00 00 0
Kuril L., Ozernaya R. KASOC51 156 60 00 00 0 0 0
Pink salmon
Hooknose Cr., King Is. BCPNK52 127 5 00 00 00 0
Sashin Cr., Baranof Is. ALPNK57 134 10 00 00 00 0
Amur R., Sea of Japan AMPNK53 140 700 00 00 00 0
Chum salmon
Tillamook Bay ORCHM45 123 8 00 00 00 0
Southeast Alaska ALCHM58 135 15 00 0 0 00 0
Hokkaido, Japan JPCHM44 143 50 00 00 00 0
Chinook salmon
Sacramento R., CA (Fall) SACHK38 121 400 00 00 00 0
Fraser R., BC (Sp, Fa) BCCHK49 123 350 00 00 007.1
Kamchatka R. (Spring) KACHK56 162 450 00 00 00 0
Coho salmon
Waddell Cr., California CACHO37 122 1911.111.111.111.111.111.1 0
Sashin Cr., Baranof Is. ALCHO57 134 15 00 00 00 0
Bolshaya R., Kamchatka KACHO52 156 150 00 00 00 0
Masu salmon
Tutnnin R., Primore PRMAS49 140 25 00 0 0 00 0
Tokoro R., Hokkaido JPMAS44 144 100 00 00 008.3
Steelhead trout
Waddell Cr., California CASTH37 122 19 1010 1010 1010 10
Alsea R., Oregon ORSTH44 123 5612.512.512.512.512.512.5 0
Coquihalla R., BC BCSTH 49 123 200 00 0 0 00 0
Sea-run cutthroat trout
Siuslaw R., Oregon ORCTH44 124 70 00 0 0 00 0
Snahapish R., Washington WACTH47 124 2512.512.512.512.5 0 0 0
Petersburg Cr., Alaska ALCTH56 133 16 00 0 0 0 0 0
' Approximate migration distance from salt water to spawning grounds.
b Approximate percent of total time for each half-month.
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Table A-1 continued.
Adult run time (month)°
Late Early Late Early Late Early Late Early Late Early Late Early Late EarlyLate Early Late
Code AprMay MayJunJunJulJulAug AugSepSepOctOctNov NovDec Dec
BCSOC 0 00 00 005050 00 00 00 00
ALSOC 0 0025252525 00 00 00 00 0 0
KASOC 08.38.38.38.38.38.38.38.38.38.38.38.3 00 00
BCPNK 0 00 00 025 2525250 00 00 00
ALPNK 0 00 002525 2525 00 00 00 00
AMPNK 0 002525 2525 00 00 00 00 00
ORCHM0 00 00 00 00 0011.311.32222 2211.3
ALCHM0 00 00 00 0025252525 00 00
JPCHM 0 00 00 00 00 1717 3333 00 00
SACHK 0 00 00 00 0012.512.512.512.512.512.512.512.5
BCCHK7.17.17.17.17.17.17.17.17.17.17.17.17.1 00 00
KACHK 0 0020202020 00 00 00 00 0 0
CACHO 0 00 00 00 00 00 00 011.111.111.1
ALCHO 0 00 00 025 2525250 00 00 00
'CACHO 0 00 00 0016.616.616.616.616.616.6 00 0 0
PRMAS 020202020200 00 00 0 0 00 0 0
JPMAS8.38.38.38.38.38.38.38.38.38.38.3 00 00 00
CASTH 10 00 00 00 00 00 0 0 00 1010
ORCTH 0 00 00 00 00 00 00 0012.512.5
BCSTH 0 09.19.19.19.19.19.19.19.19.19.19.1 00 00
ORCTH 0 00 002525 2525 00 00 00 00
WACTH 0 00 00 00 00 00 0012.512.512.512.5
ALCTH 0 5 5 5 5 5 5 55 1515 1515 00 00
b Approximate percent of total time for each half-month.
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Table A-1 continued.
Code
Age composition of run (years old)
Percent
males
in run
Spawning time (month)"
Early Late Early Late Early Late Early Late Early Late
Jan JanFeb Feb Mar Mar Apr Apr May May %2%3%4%5%6%7%8%9 %10
BCSOC00100000000 50' 00 00 0000 00
ALSOC 00504730000 50' 0000 000000
KASOC00031690000 495.55.55.55.50000 00
BCPNK10000000000 40 00 0000 0000
ALPNK10000000000 50 0000 0000 00
AMPNK10000000000 53 00 00 00 0000
ORCHM04455 100000 52 00 00 0000 00
ALCHM0689500000 50' 0000000000
JPCHM022631500000 50 0000 0000 00
SACHK 119503000000 50 0000000000
BCCHK217592020000 50' 00 00000000
KACHK05454550000 50 00 0000 0000
CACHO18820000000 50e 10101010101000 00
ALCHO03366 100000 50' 00 000000 00
KACHO07821 100000 50' 1111 00 00 0000
PRMAS003483910000 35 00 00 00 0000
JPMAS 09010000000 36 0000000000
CASTH 535461220000 49 0000003333330
ORSTH04553650000 50' 00 00 003333330
BCSTH 03236590000 33 1111 1111 1111 1111 110
ORCTH657324 10000 50' 2020202020000 00
WACTH1937301040000 50' 0000 0252525250
ALCTH0837261773 1 1 50' 000000 003333
b Approximate percent of total time for each half-month.
No information available. Assumed a 1:1 sex ratio.
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Table A-1 continued.
Shawninz time (month)°
Fecundity
Egg
size
(mm)
Incubation
time
(days)
Early Late Early Late Early Late Early Late Early Late Early Late Early Late
CodeJun JunJulJul Aug AugSep SepOct Oct Nov Nov Dec Dec
BCSOC000000505000 0000 29505.7 336
ALSOC000025252525 0000 00 38405.7 123
KASOC5.55.55.55.55.55.55.55.55.55.55.55.55.55.5 35005.7 430
BCPNK0000 002525252500 00 15906.9 225
ALPNK0000 033333300 00 00 1960 6 240
AMPNK000252525250 000000 1540 6 270
ORCHM000000000025252525 3000°7.5 80
ALCHM000000252525250000 3000 7.5 180
JPCHM0000 00 003333330 00 3060 7.5 95
SACHK00000000 02020202020 7300 8 75
BCCHK8.38.38.38.38.38.38.38.38.38.38.38.3 00 5800 8 90
KACHK0252525250 00 000000 9350 8 90
CACHO0000 0000 0010101010 28004.5 65
ALCHO0000 00003333330 00 4500 4.5 66
'CACHO000000011 1111 1111 1111 4900 4.5 137
PRMAS002525252500 00 00 00 3200 7.8 210
JPMAS 0000 025252525000 00 1900 5.3 210
CASTH 0000 00 00 00 00 00 5000 4.5 60
ORSTH0000 00 00 0000 00 34404.5 60
BCSTH 0000 00 00 000000 4700 4.5 60
ORCTH0000 00 00 00 00 00 1100'4.1 45
WACTH0000 00 00 0000 00 1100'4.1 45
ALCTH33000 00 00 00 0000 862 4.1 45
o Approximate percent of total time for each half-month.
d No information available. Used an average value from similar stocks.
No information available. Interpolated from information on length and average values from similar stocks.
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Table A-1 continued.
Emergence time (month)b
Early
Code
Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late
Jan Jan Feb Feb Mar Mar Apr Apr May MayJun JunJulJul Aug AugSep SepOct Oct
BCSOC 0000 0016.616.616.616.616.616.60000 00 00
ALSOC000333333 00 00 00 000000 00
KASOC00007.17.17.17.17.17.17.17.17.17.17.17.17.17.1 00
BCPNK000000050500 00 00 00 00 00
ALPNK0000 00 050500 00 00 0000 00
AMPNK0000 0000 033333300 00 00 00
ORCHM050500000000 00 00 00 0000
ALCHM0000016.616.616.616.616.616.6000 00 0000
JPCHM000000505000000000 0000
SACHK50500000 0000 000000 00 00
BCCHK8.38.38.38.3 00 00 00 00 00008.38.38.38.3
KACHK0000 0000 0000 00 00 0252525
CACHO0000 10101010101010101010 00 00 00
ALCHO00005050 00 0000 00 0000 00
!CACHO000010101010101010101010 00 00 00
PRMAS0025252525 0000 00 00 00 00 00
JPMAS 0000 0252525250 00 00 00 0000
CASTH0000 0000 00333333000 00 00
ORSTH000000 00 003333330 00 00 00
BCSTH 000010101010101010101010 00 0000
ORCTH 0002020202020 00 00 00 00 00 00
WACTH0000 00002525252500 00 00 00
ALCTH00000000 000333333 00 00 00
b Approximate percent of total time for each half-month.
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Table A-1 continued.
Emerg. time (mon)"FW rear-
ing time
(months)
Out-migration (month)"
Early
Code
Late Early Late
Nov Nov Dec Dec
Early Late Early Late Early Late Early Late Early Late Early Late Early Late
Jan JanFeb Feb Mar Mar Apr Apr May MayJun JunJulJul
BCSOC0000 12 00 0000 005050 00 00
ALSOC 0000 15 00000000 005050 00
KASOC0000 24 00000000 0025252525
BCPNK0000 0 000000050500 00 00
ALPNK0000 0 0000 00050500 00 00
AMPNK0000 0 00 0000 000333333 00
ORCHM0000 5 00 00 0000505000 00
ALCHM0000 1 0000 0016.616.616.616.616.616.6 00
JPCHM0000 2 00000000005050 00
SACHK 0000 33.43.43.43.43.43.416.516.516.516.53.43.43.43.4
BCCHK8.38.38.38.3 9 00000000 00 00 00
KACHK25000 6 0000 0025252525 00 00
CACHO0000 15 00 0002020202020 00 00
ALCHO0000 28 0000 00 000014.214.214.214.2
KACHO0000 16 000000000000 00
PRMAS0000 28 000000000025252525
JPMAS 0000 14 00 00 00 0025252525 00
CASTH 0000 22 00 0025252525 00 00 00
ORSTH0000 23 00 00 0025252525 00 00
BCSTH 0000 34 00 0000 050500 00 00
ORCTH0000 25 00 005.65.65.65.633335.65.6 00
WACTH0000 23 00 0000005050 0000
ALCTH0000 35 00 00 00 0016.616.616.616.616.616.6
Approximate percent of total time for each half-month.
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Table A-1 continued.
Code
Out-migration (mon)bSmolt
size
(cm)
Time @
sea
(months)
Age @ Length @ Weight @
maturitymaturitymaturity
(months) (cm) (kg)
Early Late Early Late
Aug Aug Sep Sep
BCSOC 0000 8.2 27 50 60 2.7
ALSOC 0000 8.3 24 43 53 2.6
KASOC 0000 9.3 36 74 55 2.1
BCPNK0000 3.3 15 23 51 2
ALPNK 0000 3.2 15 23 50 1.8
AMPNK0000 3.4 13 22 50 1.7
ORCHM0000 12.4 30 38 72 5.2
ALCHM0000 15 40 47 72 4.3
JPCHM 0000 11 40 45 73 4.6
SACHK0000 9.5 42 48 92 9.9'
BCCHK25252525 7 37 49 84 9'
KACHK0000 7 38 47 90 9.6'
CACHO0000 11.5 16 33 62 4.4
ALCHO14.214.214.20 12.8 13 43 63' 4.8
!CACHO25252525 13.5 13 34 60 3.5
PRMAS0000 11.5 11 46 63 4
JPMAS 0000 12.5 11 32 42 1.2
CASTH 0000 17.5 23 47 58 3'
ORSTH 0000 15.8 21 46 65 3.3'
BCSTH 0000 16 25 61 68 3.5'
ORCTH 000022.5 2 29 32 1.5'
WACTH0000 19 7 32 32 1.5'
ALCTH 0000 24 2 39 26 1.2'
Approximate percent of total time for each half-month.
' No information available. Estimated from length/weight relationships.Table A-2. Columbia Basin chinook salmon stocks x life history characteristics matrix.
Stock
Migration
distance
Code(km)'
Adult run time {month)" Percent
males
in run
Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late
Feb Feb Mar Mar Apr Apr May MayJun JunJulJul Aug Aug Sep SepOct Oct Nov Nov
Spring
Willamette River WISPR460 10101010101010101010 00 0000 0000 50
Deschutes River DESPR560 000012.512.512.512.512.512.512.512.5 0000 00 00 38
Yakima River YASPR700 00 0014.214.214.214.214.214.214.20 0000 0000 47
Grande Ronde River GRSPR900 00 0012.512.512.512.512.512.512.512.500000000 39
Middle Fork Salmon River MSSPR1070 00 00 00012.512.512.512.550 0000 00 00 46
Summer
Imnaha River IMSUM880 00 00 012.512.512.512.512.512.512.512.5000 0000 50'
Rapid River RRSUM930 00 00 000014.214.214.214.214.214.214.200000 50'
Fall
Lower Columbia River LCFAL130 00 00 0000 0012.512.512.512.512.512.512.512.5 00 47
Deschutes River DEFAL450 00 00 00008.38.38.38.38.38.38.38.38.38.38.38.3 45
Upriver Brights UBFAL660 00 00 000000000333333 0000 70
Approximate migration distance from salt water to spawning grounds.
b Approximate percent of total time for each half-month.
No information available. Assumed a 1:1 sex ratio.
(continued on next page)Table A-2 continued.
Spawning time (month)b Emergence time (month)"
Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late
CodesJulAug AugSep SepOct OctNov NovDec DecJan JanFecundityJan JanFeb FebMar MarApr Apr May MayJun JunJulJul Aug Aug
WISPR0 003333330000000 4200 002525252500 00 00 0000
DESPR0 005050 00 00 00 00 3470 0020202020200 00 00 00 00
YASPR0 005050 00 00 00 00 3520 00002525252500 00 0000
GRSPR2020202020 0000 0000 3700 25252525 00 000000 00 00
MSSPR025252525 00 00 00 00 5730 0025252525 0000 00 0000
IMSUM03333330 00 00 00 00 5000 00505000 00 00 00 0000
RRSUM0 005050 00 00 00 00 4400° 0025252525'00 000000 00
LCFAL0 00 0012.512.512.512.512.512.512.512.5 4300 00 00 05.525255.55.55.55.55.55.55.55.5
DEFAL0 00 0016.616.616.616.616.616.600 4400 0014.214.214.214.214.214.214.20 00 0000
UBFAL0 00 00 02020202020 00 5000 000000252525250000 00
b Approximate percent of total time for each half-month.
° No information available. Used an average value from other stocks.
No information available. Estimated from information on spawning time.
(continued on next page)Table A-2 continued.
Out-migration (month)" Smolt
Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late size Age at maturity (% of total)'
CodeFeb Feb Mar Mar Apr Apr May MayJun JunJulJul Aug AugSep SepOct Oct Nov Nov Dec Dec (cm)2/13/13/2 3/3 4/1 4/2 4/3 5/1
WISPR 002525 00 00 0000 00 00 00 025250 14 022081705
DESPR 4.14.14.14.18.3 8.38.3 8.38.3 8.300 004.1 4.14.1 4.14.1 4.14.14.113.8 003007700
YASPR000020202020200 00 00 00 0000 0012.6 0013008300
GRSPR 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.50000000000000012.0 0010006500
MSSPR00 0252525250 00 00 0000 0000 0011.4 006004500
IMSUM00 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.500 00 00 00 000010.8 003 2029150
RRSUM0000252525 25e 00 00 00 00 0000 0010.8° 0046003900
LCFAL0000 0151500000102020200000 00 9 231520412010
DEFAL000000 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.50000 00 007.8 31162038207
UBFAL0000 00 00 12.5 12.512.5 12.5 12.5 12.512.5 12.5 00 00 00 10 37203030206
Approximate percent of total time for each half-month.
a No information available. Used an average value from similar stocks.
No information available. Estimated from information on spawning time.
Total age at spawning followed by number of winters spent in freshwater.
(continued on next page)Table A-2 continued.
Age at maturity`
Length CO
maturity
Code 5/25/36/16/2 (cm)
WISPR550011 85
DESPR20000 70
YASPR4000 68
GRSPR25000 67
MSSPR49000 80
IMSUM321800 77
RRSUM15000 68
LCFAL 50 1 1 73
DEFAL 30 10 68
UBFAL2000 70
f Total age at spawning followed
by number of winters spent in
freshwater.Table A-3. Willamette spring chinook local populations x life history characteristics matrix.
Local population
Migration Adult run time (month)° Age composition PercentSpawning time (month)°
distanceEarly Late Early Late Early Late Early Late Early Late Early Late of run (vrs old) malesLate Early Late Early Late
Code(km)' May MayJun JunJulJul Aug AugSep SepOct Oct%3 %4 %5 %6 in runAugSep SepOct Oct
1946-51 Willamette River' WIHIS400 202020202000000 00 4246111 50 252525250
Clackamas River CLACK230 77 77151577 77 77 46332I' 53 025252525
North Santiam River NOSAN420 015179 9999 99 50 36234 1 5514.2 14.2 14.2 14.2 14.2
South Santiam River SOSAN410 77 12.7 12.712.7 12.777 77 70 362350 56 2020202020
McKenzie River MCKEN 540 5152525 10 522 66 00 36234P 56' 104040100
Willamette Hatchery WIHAT490 12121215 12121212 00 00 252460 52 03333330
' Approximate migration distance from salt water to spawning grounds.
Approximate percent of total time for each half-month.
From Mattson 1948, 1962, and 1963.
o From Bennett 1991.
Information not available. Used average values from other wild populations.
f From Carmen-Smith rearing channels; personal communication from T. Downey, Oregon Department of Fish and Wildlife.
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Spawning" Emergence time (month)b Out-migration (month)b
Early Late Late Early Late Early Late Early Late Early Late Early Late Early Late Early Late EarlyEarly Late Early Late Early Late Early Late Early Late
CodeNov Nov FecundityNov Dec DecJan JanFeb Feb Mar Mar Apr Apr May MayJun JunJul Jan JanFeb Feb Mar Mar Apr Apr May May
WIHIS 00 4300 0 00 002525252500 00000 00 1111 110 00 1111
CLACK00 4550 0 14.2 14.2 14.2 14.2 14.2 14.2 14.20 000000 0 22 22 22 77 1414
NOSAN 14.2 14.2 4420 812121212121212800 0000 0 1000001010101010
SOSAN00 4390 0 00 001111 1111 1111 1111 1111 11 100 00 01010101010
MCKEN00 5290' 0 22 25 55 55 51020201040' 22 222.5 2.5 22 33
WIHAT00 445016.6 16.6 16.6 16.6 16.6 16.60 0000 00 000 0000 12.5 12.5 12.5 12.5 00
b Approximate percent of total time for each half-month.
I From Carmen-smith rearing channels; personal communication from T. Downey, Oregon Department of Fish and Wildlife.
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Out-migration (month)°
Early Late Early Late Early Late Early Late Early Late Early Late Early Late
CodeJunJunJulJulAug AugSep SepOct Oct Nov NovDec Dec
WIHIS 0000 00001111 1111 00
CLACK2.52.5 1 10.50.5 1 1 559.59.53.53.5
NOSAN1000000 00 00 0101010
SOSAN100000000000101010
MCKEN 1 100 003.53.52.52.526.526.5 55
WIHAT0000 00 000012.512.512.512.5
° Approximate percent of total time for each half-month.